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FOREWORD 


The  Applied  Physics  Laboratory  (APIA  of  The  Johns  Hopkins  Uni- 
versity, with  held  activities  in  florid. i,  I t. ill.  New  Mexico,  Virginia,  New 
Jersey,  ( ahlorma,  and  Heidelberg,  Germany,  is  located  in  Howard  ( ountv, 
Maryland,  midway  between  Haltiniore  and  Washington  Its  work  is  carried 
out  under  a contractual  agreement  between  the  University  and  the  Govern 
nient,  with  about  SOre  of  the  effort  devoted  to  the  Department  of  the 
Navy  API.  employs  a staff  of  about  ’-IDO,  more  than  I. ’(10  of  whom  arc 
professional  scientists  and  engineers  Their  ideas  are  implemented  and 
extended  through  a network  ot  associate  contractors  trom  coast  to  coast 

The  primary  mission  of  API  is  to  serve  the  nation  through  the  applica- 
tion of  advanced  science  and  technology  to  the  solution  of  problems  of 
importance  in  both  the  defense  and  the  civil  sectors  API.  conducts  broad 
programs  in  basic  and  applied  research,  exploratory  and  advanced  develop- 
ment, component  engineering,  systems  engineering  and  integration,  and 
test  and  evaluation  of  operating  systems 

The  laboratory  was  established  in  I0|’  at  the  urgent  reciuest  of  the  Office 
ot  Scientific  Research  and  Development  to  demonstrate  that  science  and 
technology  could  advance  national  security  more  effectively  through  an 
active  partnership  of  military  and  civilian  technologists  than  through  the 
traditional  buyer  supplier  relationship.  The  concept  was  validated  in  less 
than  a year  when  API  developed  the  first  practical  VP  ( variable  time)  fuze 
This  initial  product  proved  to  be  a major  contributor  to  the  Allied  victory 
in  World  War  II 
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Alter  (lit-  war,  at  the  request  of  the  Secretary  of  the  Navy,  the  Uni- 
versity trustees  agreed  to  continue  the  laboratory  as  an  important  national 
security  resource  AIM  quickly  became  a leader  in  guided  missile  and  space 
technology  as  well  as  a contributor  to  fundamental  knowledge  m such  areas 
as  high  altitude  physics,  spectroscopy,  tlaine  propagation,  the  origin  and 
evolution  of  the  universe,  supersonic  and  hypersonic  aerodynamics,  chemical 
kinetics,  and  magnetic  resonance 

In  addition  to  major  contributions  to  national  defense,  effort  is  increas- 
ingly devoted  to  the  solution  of  pressing  problems  in  the  civilian  sector, 
biomedical  research  and  engineering,  transportation,  tire  research,  pollution 
of  the  biosphere,  ocean  thermal,  geothermal,  and  flywheel  energy  systems, 
traffic  control  for  harbors  and  aircraft  terminals,  leak  detection  in  natural 
gas  distribution  lines,  computer  technology,  and  advanced  education  are  a 
few  examples  ot  the  areas  to  which  attention  has  been  devoted  in  recent 
years 

In  its  role  as  a University  laboratory,  AIM  performs  research  to  advance 
the  basic  sciences  underlying  its  technological  development  programs  In 
this  area,  API  has  significantly  contributed  to  Johns  Hopkins'  100  year-old 
reputation  lor  leadership  and  originality.  Through  unique  applications  ot 
systems  engineering,  science,  and  technology  to  the  needs  ot  society,  AIM 
has  enhanced  the  University's  tradition  of  excellence  while  gaining  world 
wide  recognition  of  its  own. 

This  report  contains  a representative  sample  of  API  technical  accom- 
plishments, primarily  in  the  civil  area  All  results  of  these  programs  are 
fully  available  to  the  public 
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SPACE  SCIENCE  AND  TECHNOLOGY 
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INTRODUCTION 


APL's  active  particip.  'ion  in  space  science  and  technology  dates  back  to 
the  early  years  of  rocketry  when  a group  then  led  by  Dr.  James  A.  Van  Allen 
used  V-2  and  Aerobee  rockets  to  study  cosmic  rays.  The  discovery  in  1957 
by  API.  scientists  that  the  position  of  the  Russian  Sputnik  satellite  could  be 
tracked  by  observing  the  doppler  shift  of  its  radio  signal  led  to  the  concep- 
tion of  a satellite  navigation  system  based  on  the  doppler  tracking  principle. 
The  Navy  Navigation  Satellite  System  (Transit)  developed  by  APL  has 
provided  precise,  worldwide,  all-weather  navigational  data  to  the  Navy  since 
1 96  * and  to  commercial  users  since  1967. 

APL's  special  capabilities  in  attitude  stabilization  and  control,  ultrastable 
oscillators,  precision  tracking,  and  other  technologies,  and  in  component  and 
system  design  and  development,  are  used  in  numerous  space  programs  for 
NASA  and  DoD  as  well  as  the  Navy  These  capabilities  were  demonstrated 
during  the  past  year  with  the  design,  fabrication,  and  successful  launch  of 
the  P76-5  satellite  in  the  incredibly  short  period  of  nine  months.  This 
spacecraft  is  a Transit  (Oscar  15)  satellite  that  was  reconfigured  by  APL  to 
carry  the  Wideband  Signals  Experiment,  which  is  presently  accumulating 
data  on  the  distorting  effects  of  the  ionosphere  on  radio  transmissions. 

The  space  activities  at  APL  have  been  supported  by  a small  but  strong  and 
active  program  of  basic  research  directed  toward  an  understanding  of  the 
chemical  and  physical  processes  involved  in  the  earth's  atmosphere,  iono- 
sphere, and  magnetosphere  and  in  interplanetary  phenomena.  Some  of  the 
significant  achievements  include  the  first  detection  of  solar  cosmic  rays  with 
satellite-borne  solid-state  detectors,  the  design  and  construction  of  one  of  the 
longest-lived  and  most  productive  scientific  satellites  ever  launched  (1963- 
38C),  the  first  measurement  of  short-period  magnetohydrodynamic  waves 
near  synchronous  altitude,  the  discovery  of  heavy  ions  (C,  N,  O)  trapped  in 
the  earth's  radiation  belts,  the  experimental  confirmation  of  large-scale  field- 
aligned  currents  in  the  auroral  regions,  the  demonstration  of  the  effect  of 
stratospheric  pressure  variations  on  the  ionosphere,  and  the  development  of 
radio  astronomy  techniques  for  the  prediction  of  geomagnetic  storms  that 
can  cause  disturbances  to  terrestrial  radio  transmissions.  These  research  activi- 
ties have  involved  collaborations  with  scientists  from  more  than  a dozen 
U.S.  and  international  academic  institutions  including  the  University  of 
Tokyo,  the  Max-Planck  Institutes  in  Lindau  and  Munich,  West  Germany, 
the  Norweigian  Defense  Research  Establishment,  and  the  Danish  Meteoro- 
logical Institute. 

Programs  representative  of  those  completed  during  the  past  year  are  de- 
scribed in  the  following  articles.  Current  programs  include  the  launch  (in 
August  1977)  and  data  analysis  phase  of  the  Low  Energy  Particle  Experi- 
ment (described  in  the  following)  on  the  Voyager  spacecraft,  which  will 
travel  to  Jupiter  and  Saturn,  and  the  design  and  fabrication  of  the  MAGSAT 
satellite,  which  will  provide  the  most  accurate  mapping  ever  attempted  of 
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THE  AN/SRN— 19  GOES  OPERATIONAL 


The  AN/SRN-19  Radio  Navigation  Set  was  designed 
to  meet  the  need  for  a iowcost,  simplified  satellite 
navigation  set  for  use  on  Navy  Antisubmarine  (ASW) 
surface  ships.  Several  Navy  evaluations  have  shown 
that  in  accuracy  it  exceeds  0.1  nmi  rms  at  dockside 
and  in  reliability  2000  hours  mean  time  between 
failures.  It  will  be  used  as  an  operational  unit  aboard 
U.S.  Navy  ships. 


BACKGROUND 

The  SRN-19  Radio  Navigation  Set  has  successfully 
completed  an  Operational  [ valuation  aboard  a Navy 
destroyer,  the  l/SS  Forrest  Sherman,  and  a Fleet  Evalu- 
ation on  a submarine,  the  I'SS  I X'ahoo.  It  has  demon- 
strated its  usefulness  as  an  accurate,  reliable  satellite 
navigation  set  that  continuously  displays  ship's  dead- 
reckoning position  using  automatic  inputs  of  ship's 
course  and  speed.  The  dead-reckoning  position  is  peri- 
odically updated  by  satellite  navigation  fixes.  The  set 
also  provides  a tape  cassette  recording  of  all  ship's 
dead-reckoning  positions  and  satellite  fixes  for  play- 
back at  a Reconstruct  Facility. 


Fig.  I The  AN/SRN-19  Radio  Navigation  Set 
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Figure  1 shows  the  SRN-19  with  its  antenna  pre- 
amplifier, printer,  and  remote  display.  The  set  consists 
of  a 400-MFfz  receiver,  a S-MHz  oscillator,  a data 
processor  (8K,  16-bit  read-only  memory),  power  sup- 
plies. a cassette  recorder,  a keyboard,  a display,  and 
two  synchro-to-digitul  units  (see  Fig.  2).  Ship's  po- 
sition is  continuously  displayed  and  updated  every 
five  seconds  The  ship's  heading  and  speed  with  re- 
spect to  the  water  are  obtained  automatically  from  the 
Mk  19  gyrocompass  and  the  electromagnetic  under- 
water log.  When  the  receiver  locks  onto  a satellite 
signal,  the  program  recognizes  the  beginning  of  a 
two-minute  data  transmission  interval,  collects  and 
majority-votes  the  satellite  message  data,  and  computes 
a satellite  fix,  provided  the  following  conditions  arc- 
met:  (a)  the  satellite  elevation  at  closest  approach  is 
between  10  and  80°,  and  (b)  the  fix  computation 
converges  in  five  or  fewer  iterations  and  the  total  cor- 
rection is  less  than  30  nmi.  If  these  conditions  are  not 
met,  the  operator  may  enter  the  fix  manually  in  the 
data  processor  to  update  the  dead-reckoning  position. 

The  AN/SRN-19  Operational  Evaluation  report 
from  Forrest  Sherman  recommended  this  navigation 
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Fig.  2 Block  diagram  of  the  AN/SRN-19  Radio  Navi 
gation  Set. 


set  for  Navy  use.  The  following  key  results  were 
reported : 
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1 Navigation  fixes  in  j-k >rt  showed  an  average  er- 
ror of  95  yards;  94 r'r  of  the  fixes  were  within 
the  0. 1 nmi  specification. 

2 SRN  19  fixes  under  way  were  more  accurate 
than  loran,  omega,  and  celestial  fixes. 

3.  Successful  navigation  fixes  were  achieved  in 
90rf  of  the  eligible  opportunities.  No  degrada- 
tion due  to  adverse  weather  was  observed. 

I No  failures  occurred  in  193  days  of  continuous 
operation.  The  mean  time  between  failures  was 
greater  than  2100  hours  with  a 90 'f  confidence 
level. 

The  SRN  19  was  installed  on  W'ahoo  for  evalua- 
tion during  the  period  July  1973  through  September 
1976.  The  set  was  matched  successfully  to  the  sub- 
marines t’HF  and  periscope  antennas.  The  navigator 
reported  good  at-sea  accuracy  (better  than  0.2  nmi) 
and  high  reliability.  His  recommendations  for  time- 
ordered  satellite  alerts  and  a lighted  keyboard  are 
being  implemented. 


To  meet  an  urgent  requirement  by  the  Naval  Tacti- 
cal Support  Activity,  ten  SRN  19  sets  were  fabricated 
and  delivered  by  APT  during  the  period  June  to 
September  1976.  These  sets  are  being  used  aboard 
Navy  ships  during  asw  operations  to  record  ship’s 
position  on  a tape  cassette.  The  tape  cassettes  will  be 
sent  to  a Reconstruct  Facility  for  use  in  plotting  each 
ship's  track.  Twenty  more  SRN  19  s are  being  fabri- 
cated by  commercial  contractors  under  an  APL  sub- 
contract. 

A specification  for  the  SRN-19  has  been  prepared. 
It  is  intended  that  this  specification  and  APL  draw- 
ings will  be  used  to  procure  production  models  of 
the  SRN-19. 


Authors:  R.  Bauer,  R.  Finneran,  and  D.  Mitchell 

Support:  N AVELEX  and  Naval  Tactical  Support  Ac- 
tivity 
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On  18  December  1975,  the  WGS-72  geopotential 
coefficient  set  was  implemented  in  the  Orbit  Improve- 
ment Program  (OIP)  used  by  the  Navy  Navigation 
Satellite  System  (NNSS).  To  complement  the  im- 
proved accuracy  attainable  with  these  coefficients, 
additional  perturbation  force  models  were  included 
and  the  program  was  renovated  to  reduce  computa- 
tion noise  to  less  than  1 m.  As  a result  of  these 
changes,  worldwide  satellite  navigation  precision  was 
improved  by  a factor  of  two. 


BACKGROUND 

OIP  has  been  in  operation  for  14  years  without 
major  revision.  The  accuracy  has  been  improved  over 
the  years  by  the  inclusion  of  more  and  better  force 
models  and,  in  particular,  by  larger  geopotential  coeffi- 
cient sets.  Figure  1 (Ref.  1)  shows  this  improvement 
in  accuracy  for  Transit;  it  is  primarily  a history  of 
geodesy  improvement.  The  invention  of  the  distur- 
bance compensation  system  (DISCOS)  introduced  a 
new  era  in  satellite  trajectory  computation  by  eliminat- 
ing drag,  a major  error  source.  The  precision  environ- 
ment produced  by  the  WGS  72  coefficient  set  and 


DISCOS  necessitated  a program  review.  Such  a review 
had  not  been  performed  since  OIP’s  implementation. 
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During  the  past  10  years,  there  have  been  appre- 
ciable improvements  in  the  mathematical  models  of 
the  earth's  gravity  field,  the  geopotential  The  models 
arc  a formalization  of  the  improved  knowledge  of  the 
geopotential  that  has  accrued  from  intensive  satellite- 
geodetic  studies.  At  least  two  models  are  of  com- 
parable accuracy:  the  WGS-72  (Ref.  2)  and  one  of 
the  GEM  series  (Ref.  3)  If  was  dear  from  back- 
ground studies  that  we  could  improve  the  Transit 
System  appreciably  by  replacing  the  APE  4 .3  model 
(circa  1966)  with  one  of  the  newer  geopotential 
models.  The  WGS-72  model  was  chosen  because  it 
was  slightly  better  for  our  purposes  than  the  others 
and,  more  importantly,  was  designated  as  the  standard 
geopotential  coefficient  set  for  use  by  DoD.  This  point 
is  important  in  enforcing  consistency  among  the  di- 
verse inertial  navigation  systems  used  by  DoD. 

A satellite’s  orbit  can  be  determined  by  comparing 
a theoretically  generated  model  of  the  doppler  signals 
that  would  be  received  at  several  earth-fixed  stations 
to  the  actual  signals  received.  The  quality  of  the  fit 
depends  on  the  preciseness  of  both  the  measurements 
and  the  modeling.  The  measurements  have  tradition- 
ally had  a precision  of  1 to  5 m,  far  better  than  our 
ability  to  model  the  satellite’s  motion.  The  NNSS 
orbit  determination  program  includes  models  for  all 
forces  that  perturb  the  satellite  significantly. 

What  is  significant  depends  on  the  type  of  pertur- 
bation. If  the  effect  is  secular,  anything  that  accumu- 
lates to  30  m or  more  in  a week  should  be  taken  into 
consideration.  Orbital  frequency  perturbations  should 
be  modeled  to  better  than  1 m. 

The  forces  that  perturb  the  satellite  include  the 
gravitational  attractions  of  the  earth,  sun,  and  moon; 
amospheric  drag;  solar  radiation;  and  a pseudo  force 
to  account  for  the  precession  and  nutation  of  the 
equinoxes.  Forces  to  account  for  the  sun-  and  moon- 
induced  earth  body  (not  ocean)  tides  have  been  added 
to  this  force  array,  and  the  solar  radiation  force  model 
has  been  altered  (Ref.  4). 

The  Transit  Improvement  Program  (TIP)  satellites 
are  being  built  with  a DISCOS  (Ref.  3)  aboard  to 
remove  all  perturbations  sensed  along  the  direction  of 
the  satellite  velocity  vector  (along  track)  The  primary 
cause  of  perturbation  is  atmospheric  drag  but  a com- 
ponent of  the  force  resulting  from  solar  radiation  is 
also  included  When  DISCOS  is  operating,  the  atmo- 
spheric drag  model  is  not  included  in  the  satellite 
motion  model.  In  addition,  the  along-track  component 
of  the  radiation  force  must  be  turned  off. 

Drag  is  unpredictable  and  is  the  major  source  of 
error  in  satellite  ephemeris  predictions.  Since  predicted 


ephemerides  are  used  in  navigation  (the  satellite  mem- 
ory must  be  loaded  with  its  future  ephemerides  to  be 
transmitted  to  the  user),  the  use  of  DISCOS  has  two 
important  effects.  First,  longer  prediction  spans  even- 
tually will  require  more  stringent  precision  criteria. 
Second,  DISCOS  can  have  biases,  and  a model  had  to 
be  implemented  to  determine  and  remove  them. 

Whenever  the  operational  program  is  changed,  a 
thorough  checking  procedure  is  undertaken.  This  nor- 
mally involves  processing  the  data  from  several  satel- 
lite arcs  with  the  new  version  of  the  program 
(WGS-72)  and  comparing  the  results  with  those 
from  the  previous  program  (APL  4.3)  using  the  same 
data.  The  WGS-72  orbit-fitting  results  are  signifi- 
cantly better  than  those  obtained  with  APL  4.3,  as 
shown  below. 


OIP-II 

WGS-72 

APL  4.3 

Orbit  determination 

6 to  8 m 

14  to  16  m 

Prediction 

6 to  10  m 

14  to  17  m 

A range  is  given  because  the  results  are  satellite- 
dependent.  The  prediction  results  are  for  a span  of 
time  when  solar  activity  (and  hence  drag)  is  near  a 
minimum,  and  therefore  the  prediction  shows  very 
little  degradation. 

Satellite  ephemeris  comparisons  (Ref.  6)  show  that 
satellite  positions  for  the  same  time  varied  by  larger 
amounts  than  anticipated  and  were  geographically  cor- 
related. (Although  peak  ephemeris  differences  reached 
90  m,  since  they  are  geographically  correlated  they  do 
not  persist  long  enough  to  affect  survey  results  a like 
amount,  as  can  be  seen  in  Table  I .)  This  unanticipated 
development  provoked  an  investigation.  Once  satisfied 
that  the  results  were  valid,  wre  proceeded  to  consider 
their  importance. 

Using  satellite  data,  a surveyor  locates  his  position 
relative  to  the  satellite's  trajectory  and  hence  to  the 
earth's  surface.  If  the  trajectory  is  different,  so  will 
be  his  determined  position.  The  final  surveyed  posi- 
tion is  determined  by  taking  an  average  over  the  satel- 
lite passes  that  come  into  view.  Since  the  ephemeris 
differences  were  correlated  with  geographic  position, 
surveyed  position  designations  changed  by  varying 
amounts,  depending  on  their  general  geographic  loca- 
tions (Ref.  6). 

Figure  2 shows  the  along-track  satellite  position  dif- 
ferences versus  time  referenced  to  (starting  at)  a fixed 
subtrack.  Table  1 shows  the  position  shifts  of  selected 
TRANET  and  OPNET  sites  due  to  the  change  in 
geopotentia!  coefficient  sets. 
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i'ifi.  2 Alon#'truck  differences  due  to  geodesy  change  (API.  4.S  to 
WGS-?2)  resolved  to  same  jtcojtraphic  location  for  various  satellite  arcs. 


TABLE  I 

OIP  ABSOLUTE  MEAN  NAVIGATED  POSITION 
SHIFT  USING  Vt’GS-72  AND  APL  i.S  GEODESIES 


Station 

Position  Shift* 

(m) 

Latitude 

Longitude 

Radius 

ooh 

- A 8 

01  s 

- 2 1 

0.8 

014 

2 A 

-4.7 

0.6 

018 

0.7 

-1.7 

2 9 

019 

2.4 

5.7 

-7.7 

103 

4.9 

4 1 

0.8 

106 

2 9 

-4.7 

1 4 

III 

1 R 

-11,0 

1.4 

117 

A 4 

— 9.0 

- 1.7 

HI 

2 1 

-7.7 

— 1 .A 

121 

4 A 

-0.4 

4 4 

HO 

5.4 

- 3 0 

-0.1 

(40 

6.8 

-55 

-A  A 

Mcjtn 

3 20 

-2.9  A 

-0  79 

a 

3.68 

A (1 

3.13 

^mmn 

181 

4 42 

3 44 
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SAFETY  EVALUATION  OF 

RADIOISOTOPE  THERMOELECTRIC  GENERATORS 


API  hds  evaluated  the  ability  of  the  fuel-contain- 
ment member  of  radioisotope  thermoelectric  genera- 
tors ( RTG ) on  board  spacecraft  to  survive  atmospheric 
reentry  in  the  event  of  a launch  failure. 

To  aid  these  evaluations,  unique  procedures  have 
been  developed  to  analyze  structures  with  components 
that  initially  are  not  in  contact,  and  to  extrapolate 
the  limited  data  on  low  temperature  interface  con- 
ductance to  the  high-temperature  condition  encoun- 
tered during  reentry. 


BACKGROUND 

Radioactive  materials  are  sometimes  used  to  provide 
electric  power  to  spacecraft.  The  heat  generated  in 
R I G'S  hy  the  decay  of  radioisotopes  is  passed  through 
thermoelectric  material  to  produce  electric  (sower.  The 
radioactive  materials  are  contained  within  capsules  that 
arc  designed  to  survive  accidents  during  the  launch  of 
the  spacecraft. 

Presidential  approval  is  required  lor  each  launch 
that  involves  radioactive  materials.  In  addition,  an  ex- 
tensive Safety  1 valuation  Report  is  prepared  hy  the 
Fncrgy  Research  and  Development  Administration 
(FRDA),  the  Air  Force,  and  NASA  to  evaluate  the 
probabilities  of  occurrence  and  the  consequences  of  a 
variety  of  accidents. 

The  Safety  Branch  of  the  Nuclear  Research  and 
Applications  Division  of  HRDA  has  asked  API  to 
provide  advice  on  and  independent  evaluations  of  the 
reentry  capability  of  radioisotope  fuel  capsules  in  the 
event  of  inadvertent  atmospheric  reentry.  The  assign- 
ment includes  serving  on  the  Interagency  Nuclear 
Safety  Review  Panel,  the  organization  that  prepares 
the  Safety  Fvaluation  Report 

Currently,  the  Multi  Hundred  Watt  RTG  (MIIW 
R IG)  is  being  reviewed  tor  its  intended  application 
on  the  Voyager  spacecraft,  l ach  of  the  three  MIIW 
RTG’s  for  this  mission  is  designed  to  pros  ide  approxi- 
mately t )<>  W of  electric  power  at  the  end  of  a 
four-year  flight. 


DISCUSSION 

The  MIIW  RTG  (Fig.  I)  has  a length  of  about 
At  in  and  a diameter  of  about  l‘>  in  The  primary 
reentry  capsule  is  the  portion  of  the  RTG  known  as 
the  heat  source  Figure  ’ is  a cutaway  view  of  the 
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t ig.  t Multi-Hundred  Watt  Radioisotope  Thcrmovlcc 
trie  Generator. 


interior  of  the  heat  source  The  basic  cylindrical  shell 
(the  .tcroshell)  of  the  heat  source  is  approximately 
7 in  in  diameter  and  I"  in  long  and  is  made  ot  tine 
grained  bulk  graphite  I wo  (actors  that  dete  rmine  tlu 
reentry  capability  of  the  heat  source  are  the  ability  ot 
the  aeroshel!  to  resist  the  thermal  and  mechanical 
loads  that  result  from  reentry  and  its  ability  to  survive 
the  thermal  ablation  or  burning  that  occurs  during 
reentry.  A carbon  based  ablation  sleeve  over  the  graph 
ite  aeroshell  gives  added  protection  against  these  po 
tent ial  modes  of  failure  A third  factor  that  must  be 
evaluated  is  the  temperature  during  reentry  ot  the 
metallic  parts  within  the  heal  source  that  are  subject 
to  melting,  in  the  MIIW  heat  source,  the  critical 
component  is  the  iridium  post  impact  containment 
shell 

Fvaluations  hv  API  ot  an  earlici  version  ot  the 
MIIW  RTG  source  had  led  to  the  conclusion  that 
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the  protection  from  ablation  and  the  thermal  response 
ot  the  iridium  were  adequate  Therefore,  evaluation  of 
the  current  heat  source  has  concentrated  largely  on  the 
ability  of  the  aeroshell  to  withstand  the  thermal  and 
mechanical  reentry  loads 

Severe  temperature  gradients  induced  in  the  aero- 
shell during  reentry  can  cause  deformations  known  as 
thermal  strains.  The  estimation  of  the  temperature 
range  begins  with  a definition  of  the  convective  and 
radiative  thermal  environment  imposed  on  the  abla- 
tion sleeve  as  the  body  enters  the  atmosphere.  Heat  is 
transferred  through  the  ablation  sleeve,  across  the 
interface  that  separates  the  sleeve  from  the  aeroshell, 
through  the  graphite  aeroshell  wall,  and  into  the  re- 
tainer tray. 

The  temperature  distribution  depends  on  the  heat 
transferred  through  the  interface  with  the  ablation 
sleeve  and  the  interface  with  the  retainer  tray.  Recent 
analyses  have  given  special  attention  to  these  inter- 
faces. A procedure  has  been  developed  to  extrapolate 
the  limited  low  temperature  thermal  conductance  data 
for  the  interface  to  the  high-temperature  conditions 
encountered  during  reentry.  In  addition,  a previously 
unavailable,  unique  procedure  has  been  developed  that 
permits  the  analysis  of  structures  with  components 
that  initially  arc  not  in  contact,  such  as  the  region 


between  the  inner  surface  of  the  aeroshell  wall  and 
the  retainer  tray. 

Initial  attempts  to  extrapolate  experimental  thermal 
conductance  data  using  both  classic  theory  and  empiri- 
cal correlations  developed  for  other  materials  were  not 
successful.  The  classic  theory  requires  baseline  data 
that  reflect  perfect  contact.  The  available  empirical 
correlations  were  too  restricted  in  terms  of  tempera- 
ture range  and  material  combinations.  The  chosen  pro- 
cedure was  based  on  the  observation  that  interface 
conductance  should  he  enhanced  by  having  "soft" 
materials  that  can  come  into  more  intimate  contact 
under  loading  that  can  “hard”  materials  Thus,  the 
thermal  conductance  should  he  inversely  propcirtion.il 
to  the  Young’s  modulus.  Also,  according  to  classic 
contact  theory,  the  contact  conductance  should  he  pro 
portion.il  to  the  harmonic  mean  thermal  conductivity 
of  the  materials.  The  relationship  derived  for  the 
interface  conductance,  (7,  is 


where  K is  the  harmonic  thermal  conductivity  of  the 
material  combination,  / is  the  Young  s modulus  of 
the  softer  material,  and  the  subscripts  b and  t repre- 
sent baseline  and  delated  temperature,  respectively. 
In  big.  i,  the  results  of  the  procedure  are  compared 
with  the  limited  data  available  for  the  aeroshell  and 
ablation  sleeve  material. 


Fig.  t Interface  condueianee  extrapolation  based  on 
thermal  ennetuctiv it>  uiul  Young's  modulus. 
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Fig.  4 Contours  of  hoop  stress  for  side-on  reentry. 


The  unique  procedures  that  have  been  developed 
permit  the  analysis  of  structures  with  gaps  between 
components.  Under  loading,  these  gaps  may  he  closed 
and  contact  made.  Although  the  procedure  is  general 
and  may  he  applied  to  any  structure  that  can  be  repre- 
sented by  finite  elements,  the  present  application  is  to 


the  deformation  of  the  retainer  tray  under  inertial 
load  and  the  subsequent  contact  of  the  tray  with  the 
interior  wall  of  the  aeroshell  This  contact  provides 
a thermal  path  of  the  nature  desi  ribed  above  The 
unique  feature  of  the  stress  analysis  procedure  is  an 
iterative  process  that  relaxes  the  stiffness  of  special 
interfaced  gap  elements  to  bring  neighboring  bound- 
aries together.  The  stiffness  of  gap  elements  that  do 
not  ’ close  is  reduced  to  zero  so  as  not  to  impede  the 
relative  motion  of  the  components  As  neighboring 
boundaries  approach  each  other  and  come  ,nto  contact, 
the  "gap"  modulus  becomes  stiff  enough  that  no  fur 
tlier  deformation  of  the  gap  is  permitted.  The  proci 
dure  has  been  adapted  to  a conventional  finite  element 
stress-analysis  procedure,  SAAS  111,  using  a stress  in- 
variance procedure  (Ref.  If  Figure  I shows  the  de- 
formed retainer  ring  and  aeroshell  under  inertial 
loading  of  the  retainer  tray  from  the  interior  iom 
ponents  (not  shown f.  Prior  to  the  loading,  both  the 
retainer  tray  and  the  aeroshell  had  cylindrical  shapes 
and  were  separated  by  a uniform  gap  Alter  deforma- 
tion, the  cylindrical  structures  arc  in  inntact  over  a 
region  of  nearly  a *)0°  halt  angle 
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PREDICTION  OF  EARTH-SATELLITE 
RAIN  ATTENUATION  STATISTICS 
AT  VARIOUS  GEOGRAPHIC  LOCATIONS 
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A method  for  predicting  ram  attenuation  statistics 
associated  with  earth  satellite  radio  transmission 
paths  in  various  geographic  regions  using  rain  gauge 
data  at  these  locations  has  been  devised  Comparison 
with  measured  data  shows  good  overall  correlation. 
This  method  could  result  in  significant  cost  savings 


hy  establishing  design  criteria  associated  with  frans 
mitter  power,  receiver  sensitivity,  and  space  diversity 
for  ground  terminals  at  remote  sites,  avoiding  the 
need  tor  the  experimental  determination  of  attenua 
tion  statistics  at  each  location. 


- 


BACKGROUND 


Measurements  of  r.un  attenuation  statistics  along 
earth  satellite  paths  cannot  he  made  for  every  ground 
terminal  location  Such  an  undertaking  would  be  too 
costly,  cumbersome,  and  time  consuming.  Therefore, 
it  is  essential  that  methods  be  found  for  predicting 
the  statistics  in  some  regions  A method  is  described 
here  tor  predicting  slant  path  attenuation  statistics  at 
arbitrary  locations  tor  various  frequencies  and  path 
elevation  angles.  The  method  involves  the  use  of  me- 
dian rain-intensity  altitude  profiles  measured  with  ra- 
dar as  well  as  long-term  point  rain-rate  data  and 
assumed  or  measured  drop-size  distributions  In  addi- 
tion, the  contribution  to  attenuation  resulting  from 
liquid  water  in  a cloud,  exclusive  of  rain,  is  also 
considered. 


DISCUSSION 

During  the  summer  of  1 9"  V the  rain  reflectivity  en- 
vironment was  monitored  routinely  at  Wallops  Island, 
Virginia,  using  a high  resolution  (0.4°  heamwidth, 
I fi s pulsewidth)  S band  radar  (2.84  (.Hz') 

( Ret.  I).  The  reflectivity  factor.  7,  which  character- 
izes the  intensity  ot  rain,  is  a convenient  parameter 
that  can  be  measured  by  radar  Its  units  are  mm"  nv‘ 

or  dll/  (ic..  10  log  /)  (see.  for  example.  Ref.  2). 

Peak  reflectivity  factors  at  a series  of  altitudes.  A. 
were  determined,  and  7 h profiles  were  established 

(pig  n. 

The  vertical  attenuation,  .lK  (90"  3,  for  each  profile 
was  computed  using 

■in  (90°)  = j'kjb  (din  (n 

o 

where  the  attenuation  coefficient,  ( , is  given  by 

k*=<t7,h  (dB  km)  (2) 

and  / is  given  in  mm0  in'.  The  parameters,  and  h, 
for  a particular  frequency  may  be  derived  using  a 
measured  or  assumed  drop  size  distribution  In  Pci.  I, 
h„  represents  the  height  to  the  dashed  line  of  Pig  I. 
and  the  subscript  K denotes  the  ground  rain  rate  de- 
rived from  the  ground  / level 

We  calculated  tor  each  frequency  a system  of  ver- 
tical attenuations  correspHmding  to  a sequence  of 
ground  K levels.  We  then  correlated  these  levels  with 
the  probabilities  ot  exceeding  the  rain  rate  at  the  loca- 
tions m question,  measured  using  I mg  term  rain 
gauge  data  A one  to  one  correspondence  was  obtained 
between  the  vertical  attenuation  and  the  probability  of 
exceeding  the  corresponding  ground  rain  rate  These 
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Pig.  I Reflectivity  factor  versus  altitude  for  various  rain 
intensity  categories.  Lower  abscissa  scale  shows  dB/  and 
upper  shows  rain  rate,  assuming  /“200R1  *\ 


probabilities  are  assumed  to  be  the  same  as  the  cor 
responding  probabilities  of  exceeding  the  vertical  at- 
tenuations themselves  The  conversion  to  other  path 
angles,  ft,  is  arrived  at  using 

■<*('>)  = -4k(00°Usc  ft  . (33 

Approximation  3 has  been  shown  to  be  applicable 
with  good  accuracy  at  elevation  angles  from  20  to  90° 
for  a series  of  fixed  probabilities  and  at  frequencies 
from  13  to  100  CiHz  (Ref.  33.  (The  applicability  of 
approximation  3 at  elevation  angles  less  than  20°  has 
yet  to  be  established  ) It  should  be  stressed  that  it 
represents  a statistical  expression  rather  than  a deter 
ministic  one  since  a probability  is  assigned  to  each 
attenuation  level,  . 4 K ( ‘)0°  3 Hence,  although  the  rain 
medium  may  be  highly  nonuniform  on  a case  by  case 
basis  statistically,  uniformity  may  be  assigned  to  it 
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In  order  to  account  for  the  contribution  to  attenua- 
tion result  ini:  from  liquid  water  in  the  cloud  it  >c-l  t 
exclusive  ot  ram,  the  model  ol  Wcxler  and  Atlas 
(Ref  I)  was  used  It  is  representative  of  widespread 
summer  ram  tor  temperate  latitudes  and  is  based  on 
a calculation  that  establishes  the  balance  between  the 
production  of  clouds  due  to  updraft  and  their  deph 
turn  due  to  precipitation.  The  model  gives  protiles  ol 
cloud  liquid  water  content  and  height  tor  the  given 
ground  ram  rates  l or  each  profile,  the  vertical  c loud 
attenuation  may  be  calculated  using 

A, 

A,  (90°)  = fk.Jh  (dlV)  . (4d 

In  Fq  I,  i\,  the  attenuation  coefficient  due  to  water 
clouds,  is  given  by 

A KM,  (d»  kmi  O') 

where  ,\l  is  the  cloud's  liquid  water  content  (g  nv‘1 
and  K ( dH  km  g in ‘I  is  tabulated  bv  tiunn  and 
Fast  (Ref.  M for  temperatures  ranging  from  S to 
+ 20°  C and  frequencies  from  v to  \\  t • 1 1 /.  The 
cloud  height.  />,,,  is  approximate!!  km  ( — 70O 
Above  tins,  the  temperature  of  the  liquid  water  is 
assumed  to  fall  rapidly  to  zero  Although  the  clcnid 
base  extends  to  low  altitudes,  tlu  corresponding 
amounts  of  liquid  water  there  are  sufficiently  small  so 
as  to  contribute  negligibly  to  attenuation. 

The  total  zenith  attenuation  resulting  Irom  both 
rain  and  clouds  is  given  by  the  sum  ot  bqs  l and  I 
where  a given  ground  rain  rate  defines  each  contri 
hut  ion  The  exceedance  probabilities  associated  with 
these  ground  rain  rates  are  associated  subsequently 
with  the  total  attenuation,  and  the  esc  ii  approxima- 
tion given  by  Fq.  V is  applied  to  yield  the  fade  static 
tus  tor  the  resultant  slant  path 

Two  examples  in  Fig  2 show  predicted  distribu 
turns  that  were  tested  against  experimental  results 
The  solid  and  dashed  curves  represent  the  measured 
and  predicted  distributions,  respectively  The  mea 
s ured  and  predicted  results  of  eight  cases  mvestigited 
to  date  are  compared  in  Table  1 The  average  ratios 
of  the  probabilities  corresponding  to  the  measured 
and  predicted  curves  are  listed  in  the  third  column. 
These  values  were  obtained  by  dividing  the  larger 
probability.  by  the  smaller  one,  for  each  ot  a 
series  of  fixed  attenuation  levels  over  the  range  of 
fades,  and  then  taking  their  average  This  gives  a 
measure  of  the  relative  uncertainty  in  the  predicted 
curves.  Also  shown  are  the  mis  values  of  these  ratios 
about  the  corresponding  average  levels  and  the  aver 
age  differences  in  attenuation  level  between  the  liiea 
22  sured  and  predicted  curves  For  this  case,  the  smaller 


Fiji.  2 Comparison  of  measured  and  predicted  fade  sea 
listies  at  I V and  IS  CiH/  (Ret.  10). 

(a)  f IV  Cllz,  COMSAT.  ATS- 1-',  .lull  l‘>'*  May 

l')'S,  it  12  hours,  H IS  s,  Cambridge,  MA 

(Is)  I IS  tillz.  COMSAT,  ATS-F,  .lulv  l')'t  May 

19~s.  2"  VO  hours,  t*  VS.S,  Cambridge.  MA 


TABLE  1 

COMPARISON  BETWEEN  Ml  AM  RI  O AND 
PREDICTED  FADE  1 1 RYES 


Fade  Distribution 

Fre 

quency 

Ai 

- Az 

Location 

(Cillz) 

As . 

rms 

As 

rms 

Austin.  TX  ( Ref  i ) 

30 

1 ' 

o : 

k k 

0 8 

C latksbuty;.  ML)  (Ret  S) 

\s  \ 

l ' 

0 l 

1 1 

0 T 

Sloujih,  Busks.  1 n^land 
(Ret  Q) 

IQ 

l s 

0 ' 

0.9 

0.73 

Slouch.  Busks.  bind  .in  si 
(Ret  Q) 

k - 

l Q 

0.2 

: o 

0 3 

C ambridge.  MA  (Ret  10) 

l \ 

l \ 

0 2 

o <> 

0 N 

Cambridge.  MA  (Ret  10) 

IS 

1.3 

0 A 

i ' 

o - 

l ayettes  die.  N(  (Ret  10) 

t * 

\.(> 

0 1 

1 s 

1 (' 

l ayettes  die.  NC  (Ret  10) 

18 

1.3 

0 l 

- - 

1 0 

Ovecall  (rijiht  stations) 
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attenuation.  .1..  was  subtracted  Irom  the  larger  one. 
.I,,  for  a series  of  lixcxl  probabilities,  and  the  average 
and  the  tins  were  determined  (last  column  ot  the 
table  1 


A 


Iii  u«  ot  the  m.mv  varied  assumptions  and  recog 
mzmg  that  «c  are  comparing  probability  distributions 
on  an  absolute  -.calc,  the  overall  correlation  of  the  pic 
diction  method  is  remarkably  good  ('I  course,  more 
chevics  should  be  made  before  a final  assessment  of 
the  method  is  possible  l ntortunateU . lone-term  fade 
data  at  fixed  path  angles  accompanied  by  instantaneous 
point  ram  rate  data  are  either  sparse  or  nonexistent 
However,  the  proposed  method  may  be  tested  in  tilt 
future  at  various  locations  by  analyzing  the  I1). 01  and 
.’8  V'  ('.Hz  beacon  signals  from  the  recently  launched 
geosynchronous  (OMSTAR  satellites,  which  should 
be  operational  tor  the  next  several  years  (Ref.  6). 
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LOW-ENERGY  CHARGED  PARTICLE  EXPERIMENT 
FOR  VOYAGERS  1 AND  2 


A Low  Energy  Charged  Particle  Experiment  that  has 
been  designed,  constructed,  and  tested  at  APL  will 
be  carried  by  the  Voyager  spacecraft  to  explore  the 
outer  planets.  The  instrument  will  provide  the  first 
measurement  ot  the  energy  and  spatial  distributions 
and  intensities  of  electrons,  protons,  and  heavier 
nuclei  in  the  interplanetary  medium  and  near  Jupiter, 
Saturn,  Uranus,  and  possibly  Neptune  as  well  as  the 
satellites  of  these  two  planets.  The  principal  investi- 
gator for  the  instrument  is  S M.  Krimigis  of  APL. 


BACKGROUND 

The  l ow  Fncrgy  Charged  Particle  Fxperimcnt 
(lug.  I)  will  lie  launched  cm  two  Voyager  spacecraft 
m August  and  September  I'V.  The  experiment  has 
been  designed  to  perform  particle  measurements  in 
the  intense  radiation  belts  of  the  Jovian.  Saturnian, 
and  I ranian  environments  and  to  provide  detailed 
spectral  analysis  of  Kith  solar  and  galactic  particles  in 
interplanetary  space  These  objectives  are  met  by  a 
single  instrument  that  uses  3 solid-state  detectors 


configured  in  two  distinct  detector  subsystems.  One 
subsystem  is  optimized  for  interplanetary  and  inter- 
stellar measurements  The  other  is  optimized  for  the 
specific  particle  species,  energies,  and  intensities  ex- 
pected near  the  planets.  Angular  distributions  in  the 
ecliptic  plane  and  pitch  angle  distributions  arc  ob- 
tained using  an  eight-sector  scanning  motor. 

Over  30  000  solder  joints  bond  nearly  6000  com- 
ponents within  the  instrument.  Because  of  the  com- 
plexity of  the  experiment,  the  circuitry  is  based  on 
the  use  of  I t different  types  of  261  custom-designed 
hybrids  tor  amplification,  discrimination,  timing,  pulse 
height  analysis,  and  data  functions. 


DISCUSSION 

Inti  Rio  anitary  Inti  rsth  t ar  Mi  ascri  mi  nts 
I'he  interplanetary  interstellar  particle  measurement 
subsystem  is  based  on  a bidirectional  telescope  con- 
sisting of  seven  silicon  surface  barrier  detectors  I lie 


Fig.  1 The  Low-Energy  Charged  Particle  Experiment. 


Low-Energy  Particle  Telescope  (LEPT)  is  shown  in 
Fig.  2.  The  telescope  conststs  of  two  multi -JE/dxXE 
detector  systems  (Dl  to  D5)  placed  back  to  back  and 
utilizes  a common-element,  cylindrical,  lithium-drifted 


silicon  detector  shield  (ACl  to  AC8)  Detectors  in 
the  LEPT  vary  in  thickness  between  2.0  pm  and 
2.5  mm.  The  particle  types  and  nominal  energy  pass- 
bands  are  listed  Wow. 


Particle 

Enter  Dl 
First 

(Mc-V  nucleon) 

Enter  D5 
First 

(MeV  /nucleon) 

protons 

0.35  - 20 

3.0-  >170 

alphas 

0.07  - 21 

3.0-  >64 

(light,  e g.,  Be) 

0.12-33 

4.0-  21 

(medium,  e.g.,  N) 

0.05  - 40 

6.3  - 200 

Z>  19 

0.06  - 74 

8.6  - >1000 

The  interplanetary  interstellar  subsystem  makes  use 
of  two  basic  particle-identification  and  energy-mea- 
surement techniques.  The  first  is  the  conventional 
range-energy  technique.  The  second  (Ref.  1 ) relies  on 
forming  the  product 

P = a a£,  AE2\ 

where  a£,  and  aE2  are  the  energies  deposited  in  de- 
tectors 1 and  2 and  a and  b are  constants.  The  prod- 
uct, P.  is  unique  for  each  particle  type  and  has  a 
relatively  constant  slope  on  a log-log  scale  over  a large 
range  of  particle  energy.  Appropriate  P discriminator 
levels  (which,  when  plotted,  P is  a constant)  as  w^ell 
as  energy  discriminators  are  then  used  to  distinguish 
particle  types  (Fig.  3). 


Nickel  foil 
Isolation  ring  — Nickel  foil 
Anti  coincidence  detector 


/ent  holes 


detector  1 50  pm,  800  mm2 

D3  detector  2500  pm,  850  mm2 

detector  2500  pm,  850  mm2 
D5  detector  100  pm,  800  mm2 


Isolation  ring  thermal  shield 
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Fig.  2 The  Low-Energy  Particle  Telescope. 


Fig.  \ EntT£y  loss  in  100-  to  2S(XV-/im  detectors  of 
LEFT. 

The  large  range  of  particles  and  energies  measured 
hv  this  subsystem  require  the  use  of  logarithmic  pulse 
amplifiers  The  amplifiers  combined  with  pulse  sum- 
ming amplifiers  form  the  product  P in  a straight 
forward  manner. 

Other  significant  features  of  this  subsystem  include 
a dual.  256  channel,  pulse  height  analyzer  tor  preci- 


sion energy  determination,  a M channel  digital  data 
system  that  uses  2-4  to  12  b-t  logarithmic  compression 
to  better  utilize  data  rates,  a priority  selection  scheme 
ti>  ensure  that  rare  particle  types  are  observed,  and 
a 1 20  channel  analog  data  commutator  for  instrument 
calibration  (Ret  21  and  housekeeping  data.  The  in- 
strument also  contains  power  conversion,  power 
switching,  and  a command  subsystem  for  flexibility 
and  reliability  by  means  of  redundancy. 

Nfar-Pianet  Mi  asi-ri  mi  nts  The  near  planet 
subsystem  is  primarily  a magnetospheric  instrument 
designed  to  investigate  a large  variety  of  moderately 
and  highly  abundant  particles.  The  detector  arrange- 
ment (lug.  -II  is  called  the  how  lnergy  Magneto- 
spheric  Particle  Analyzer  (IIMPA).  l.I-MPA  uses 
two  primary  identification  methods 

In  the  first,  low-  and  medium-energy  electrons  are 
deflected  into  total  energy  detectors  (beta  and  gamma) 
via  a sintered  cobalt  samarium  rare  earth  magnet.  The 
more  massive  protons  and  ions  pass  through  the 
magnet's  field  and  strike  the  total  energy  detector, 
alpha.  The  low  muse  alpha  and  beta  channels  allow 
measurement  of  electron  and  proton  energies  as  low 
as  12  keV  As  particle  intensities  increase  and  simple 
pulse  counting  becomes  difficult,  the  alpha  and  beta 


A detector  20  run  1 mm 


Aluminum  absorber 

A detector  300  am  5 mm? 

8 detector  300  irm  5 mm? 
detector  100  am  25  mm? 


Look  angle  A and  B detectors 


45  Look  angle 
tv.  fl,  y detectors 
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cm 


lig  ■(  l ow  energy  magnetospheric  particle  analyzer. 
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detector  currents  are  monitored,  thus  extending  the 
useful  range  of  intensity  measurements  The  pulse 
widths  of  the  alpha  and  beta  amplifiers  are  approxi- 
mately I A gs  from  the  beginning  of  the  pulse  to  its 
zero  crossing. 

The  second  identification  method  uses  a combina- 
tion of  shielding  and  energy  loss  to  restrict  the  re- 
sponse of  detectors  A and  B to  high  energy  particles 
The  A B detector  system  is  also  arranged  as  a tele- 
scope. The  particles  detected  by  the  I.I- MPA  telescope 
are  indicated  in  Table  1 

TABLE  I 

PARTICLES  DETECTED  BY  LEMPA  TELESCOPE 


Detector 

Particle 

Type 

Medium 

Intensity 

McV 

High 

Intensity 

McV 

S.  IT.  y (A.  B) 

devtron 

0.01  - 1 s 

(>1.  >10) 

tt  (A.  B) 

proton 

o.o n - 4.o 

(20  - 180) 

ft 

alpha 

1 .0  - 4 0 • 

— 

5 S' 

Z > 1. 

7 > 2. 

7 > i 

3 0 - =:s» 

• MeV/nuc 

High-energy  electrons  will  be  abundant  near  the 
planets  and  heavy  shielding  is  necessary  to  present 
their  contaminating  the  low-energy  detectors  About 
one  pound  of  tungsten  is  used  for  this  purpose.  The 
high  intensities  of  radiation  trapped  in  the  Jovian 
and  (probably  in  the)  Saturnian  magnetic  fields  neces- 


sitate the  use  of  extremely  fast  pulse  circuitry  in  sev- 
eral channels  to  prevent  pulse  pile  up  effects  and 
saturation  Special  hybrid  amplifiers  and  discrimina- 
tors were  developed  to  handle  counting  rates  m excess 
of  2“>  million  particles  per  second. 

Pitch  An<;u  Distribution.  The  attitude  of  the 
Voyager  spacecraft  is  very  nearly  fixed  in  inertial 
space  except  during  occasional  maneuvers  Therefore, 
measurements  of  particle  angular  distributions  require 
a rotating  platform  The  platform  is  driven  by  a step 
motor  through  eight  43°  sectors  The  sector  rate  is 
once  every  24  seconds  during  planetary  encounter, 
once  every  six  seconds  during  Io  (a  Jovian  moon) 
encounter,  and  once  every  six  minutes  in  the  inter 
planetary  medium  Pitch-angle  distributions  are  ob- 
tained by  two  additional  detectors  placed  in  a cone 
dome  combination  in  which  the  cone  sets  the  azimuth 
v iew  angle  and  holes  cut  in  the  dome  set  the  elevation 
view  angles  Thus,  a single  mechanism  is  used  to 
obtain  pitch  angle  distributions  in  two  planes 
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EMISSIONS  OF  PLASMA  AND 
ENERGETIC  PARTICLES  IN  SOLAR  FLARES 


Plasma  and  energetic-particle  data  acquired  by  de- 
tectors on  many  deep  space  spacecraft  in  orbits 
around  the  sun  have  been  used  to  carry  out  multiple- 
site  interplanetary  space  "meteorology"  of  solar  flare 
disturbances.  The  principal  conclusion  of  this  study 
is  that  the  solar  magnetic  fields  strongly  control  the 
emission  of  flare  particles.  This  fact  significantly 
improves  our  ability  to  predict  terrestrial  effects  of 
solar  flares. 


BACKGROUND 

A well-established  fact  of  plasma  physics  is  that  a 
moving  plasma  carries  a magnetic  field  along  with  it 
as  if  the  field  lines  were  "frozen  in"  the  plasma 
Therefore,  if  we  know  where  the  interplanetary 
plasma  (called  the  solar  wind)  was  emitted  from  the 
sun,  we  also  know  the  punt  of  origin  of  the  coronal 


I 
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field  line  th.it  the  plasma  carried  out  into  interplane- 
tary space.  It  has  also  been  demonstrated  that  ener- 
getic particles  are  constrained  to  gyrate  around  inter- 
planetary field  lines  although  they  are  tree  to  move 
alone  them  ( Ret  1 ) I here  tore,  the  place  on  the  sun 
where  the  plasma  ( and  field  line)  originated  must 
also  he  the  origin  of  the  energetic  particles  measured 
at  the  same  time  hv  a spacecraft 

Time  intensity  profiles  observed  hi  spacecraft  in  the 
interplanetary  medium  arc  difficult  to  interpret  They 
show  the  intermixed  effects  of  temporal  and  spatial 
variations  because  the  high  coronal  spacecraft-connec- 
tion longitude  of  the  interplanetary  magnetic  field 
lines  changes  continuously  due  to  the  rotation  of  the 
sun  (Ret  I V Superimposed  on  the  continuous  change 
are  irregular  changes  of  the  connection  longitude  due 
to  variations  in  the  velocity  of  the  solar  w ind  How- 
ever. when  a solar  wind  stream  decays,  the  decrease 
in  its  velocity  tends  to  move  the  connection  longitude 
westward,  thereby  canceling  the  effect  of  the  sun's 
rotation  The  spacecraft  is  then  connected  to  the  same 
hcliolongitudc  for  some  time  and  observes  the  tem- 
poral change  at  that  heliolongitude.  On  the  other 
hand,  when  the  solar  wind  increases  strongly,  the  con- 
nection longitude  rapidly  shitts  eastward  Then  we 
observe  the  particle  intensity  over  about  30  of  helio 
longitude  in  a very  short  time  so  that  we  sample 
primarily  the  longitudinal  gradient 


OBSERVATIONS  AND  ANALYSIS 


The  clearest  separation  of  tempcir.il  and  spatial  vari- 
ations is  provided  hv  simultaneous  measurements  hv 
several  spacecraft  at  different  heliolongitudes  The 
first  four  months  of  1069  is  perhaps  one  of  the  most 
fruitful  time  periods  for  such  a study  numerous  par- 
tide  flares  with  intense  fluxes  were  observed  by  five 
spacecraft.  Pioneers  6 through  o and  Pxplorer  3-1. 
distributed  more  or  less  uniformly  over  more  than 
ISO0  around  the  sun,  with  good  coverage  of  particle 
flux  data  and  solar  wind  plasma  measurements.  This 
period  provides  a tinioue  opportunity  to  study  the 
interrelationship  between  the  emission  longitude  pro- 
files of  energetic  protons  and  solar  wind  plasma. 

An  analysis  of  the  1 0 April  1969  event  will  be 
given  as  an  example  of  the  multispacecraft  ttchnic|ue. 
The  event  was  previously  studied  by  Met  racken  et  al 
(Ref.  3)  and  Kcatli  et  al  i Ref  3)  who  have  already 
pointed  out  the  existence  of  unusual  spatial  gradients 
in  the  energetic  particle  fluxes  Their  work  is  carried 
further  here  by  adding  the  proton  data  of  Pxplorer  VI 
and  solar  wind  plasma  data  from  the  five  spacecraft. 
Thus,  vve  can  use  the  new  technic|iies  of  mapping  the 


observed  particle  fluxes  and  solar  wind  velocities  b.uk 
to  the  sun  and  study  the  coronal  control  ot  plasma 
and  energetic  particle  emission  (Ret  l) 

f igure  1 shows  the  7 s to  -D  MeV  proton  fluxes 
observed  by  the  I’niversity  of  Texas,  Dallas,  detectors 
on  Pioneers  6 through  9 and  the  >10  McV  proton 
fluxes  observed  by  the  API  detector  on  Pxplorer  3-1, 
together  with  the  locations  of  the  live  spacecraft  in 
the  ecliptic  as  seen  trom  the  north  Data  points  from 
Pioneers  6 through  9 are  taken  from  Ret  3;  in  addi- 
tion, some  unpublished  Pioneer  8 and  9 data  were 
used. 


Flare  Apt  10  1969  P6  P9  UTD  7 5 45  MeV 

N12  E90.  0400  UT  E34  APL  JHU  > 10  MeV 


Day  ot  1969 


10 


12 


14  16 

April  1969 


18 


20 


t ig.  1 Energetic  panicle  fluxes  for  the  10  April  1969 
event  observ  ed  by  Pioneers  6 through  9 and  Explorer  34. 
The  insert  shows  spacecraft  positions  in  the  ecliptic  as 
seen  from  the  north;  the  bubble  indicat  s the  flare  site. 


The  method  used  to  separate  spatial  from  temporal 
variations  and  to  deduce  the  corona!  gradients  as  a 
function  of  time  is  straightforward.  All  the  particle 
fluxes  are  mapped  hack  to  the  high  corona  using  the 
two  approximations  of  nonaccelerating  radial  solar 
wind  transport  with  frozen -in  magnetic  field  lines 
(Refs,  s and  63  and  of  relatively  small  gradients  of 
particle  intensity  along  individual  interplanetary  held 
lines  (Ret  The  particle  intensities  are  connected 
at  the  same  time  of  observation,  giving  the  instanta- 
neous coronal  emission  profile.  This  is  done  tor  the 
labeled  times  for  particle  fluxes  (Fig.  3.  bottom)  and 
for  solar  wind  velocities  (Fig.  3.  top).  It  is  then  pos- 
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sihlc-  to  sillily  tlu*  tempon!  development  of  thecoron.il 
emission  profiles,  to  . re  the  emission  profiles  of 
particle  fluxes  ami  wml  plasma,  and,  finally, 

to  compare  the  emission  profiles  with  the  global 
chromospheric  magnetic  polarity  structure  visible  on 
the  lln  synoptic  chart  (big.  2,  center).  The  H<*  chart 
is  constructed  from  absorption  features  in  solar  photo- 
graphs taken  in  the  red  line  of  hydrogen  These  fea 
tures  (the  lines  on  the  chart)  mark  the  boundaries 
between  magnetic  fields  out  of  ( + ) or  into  ( — ) the 
sun.  Also  indicated  in  l'ig.  2 is  the  hehographic  longi 
tude  of  the  flare  location. 


DISCUSSION 

On  day  101  (1  1 April)  the  peak  particle  flux  is  at 
Pioneer  6,  connected  closest  to  the  flare  longitude. 
The  flux  is  somewhat  lower  at  Pioneer  7,  while  Pio- 
neer 8.  Explorer  VI,  and  Pioneer  9 arc  still  at  the 
background  level.  This  is  consistent  with  the  idea  that 
the  peak  flux  at  tnc  flare  site  is  decreasing  gradually 
with  time  and  also  with  distance  from  the  flare  How 
ever,  on  day  102  (12  April)  the  peak  flux  is  at  170°, 
more  than  one  order  of  magnitude  above  the  flux  that 
is  observed  to  be  enhanced  up  to  day  Il  f,  If  days 
after  the  flare.  Then  the  fluxes  finally  fall  below  the 
detector’s  background  level. 

A most  unexpected  result  is  found  by  comparing 
the  coronal  emission  profiles  of  the  energetic  particles 
with  the  hcholongitudi  emission  profiles  of  the  solar 
wind  velocity  ( big  .’.  top)  T he  flare  associated  solar 
wind  plasma  preferentially  cv.ipcs  over  the  flare  site 
near  ss  However,  although  the  particles  also  prefer- 
entially cse.ijie  o'er  the  tlar,  site  initially,  they  even 
tuallv  peak  almost  100  to  the  west  of  it  The  cmis 
sion  profile  of  the  purtules  evidently  is  controlled  by 
coronal  structure  remote  from  t he  tlare  site,  whereas 
that  of  the  plasma  is  not 

The  low  coronal  magnetic  structure  revealed  in  the 
Ho  synoptic  ihart  shows  that  the  .nine  region  where 
the  tlare  occurred  extends  more  than  '0°  in  azimuth 
and  has  strong  magnetic  fields  indicative  of  closed- 
loop  structures  Such  loops  of  strong  fields  may  have 
inhibited  the  initial  release  of  particles  over  the  flare 
site  On  the  other  hand,  the  peak  emission  of  particles 
from  day  102  on  at  a hehographic  longitude  of  170° 
is  associated  with  a region  of  weak  magnetic  fields; 
this  region  appears  on  the  I hi  map  as  a negative 
island  extending  from  I Ml  to  180"  I lie  weak  fields 
indicate  high  lying  loop  structures  with  perhaps  a 
greater  fraction  of  open  field  lines,  which  would  fa 
cilitatc  the  escape  of  energetic  particles  out  to  inter 
planetary  field  lines 


FUTURE  WORK 

We  are  now  systematically  investigating  solar  flare 
plasma  and  energetic  particle  events  that  occurred  over 
the  last  solar  cycle,  beginning  in  196-1  (Kef.  8).  We 
will  concentrate  on  disturbances  that  bad  "good  cover 
age"  by  the  network  of  deep-space  probes,  such  as 
the  April  1969  period  discussed  here.  As  we  identify 
characteristic  coronal  magnetic  structures  that  control 
the  arrival  of  the  solar  plasma  and  energetic  particles 
at  earth,  we  will  incorporate  these  coronal  magnetic 
"signatures"  into  the  prediction  algorithms  for  geo- 
magnetic storms  and  ionospheric  disturbances  that  we 
have  developed  over  the  past  five  years  (Reis  9 
to  11). 
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g-TENSOR  AND  SPIN  DOUBLING  CONSTANT 
IN  THE  RADICALS  CN  AND  C,H 


I 


The  electronic  magnetic  moments  of  the  cyanogen 
l CN ) and  ethynyl  (C;H)  radicals  have  been  determined 
hy  analysis  of  high  resolution  electron  spin  resonance 
( ESR ) spectra  of  these  radicals  in  argon  ( Ar ) and 
krypton  (Kr)  matrices  at  4 K 7 he  results  support  a 
predicted  relationship  between  the  electronic  magnetic 
moment  and  the  magnetic  field  produced  by  molecu 
lar  rotation  (spin  doubling  interaction).  The  results 
also  resolve  .1  serious  discrepancy  between  the  nitro- 
gen hyperfine  splittings  of  the  CN  radical  obtained 
from  its  ESR  spectrum  and  from  its  interstellar  micro 
w.ivt'  emissions 


BACKGROUND 

Many  of  the  radicals  studio!  and  e hat.u  teri/cd  In 
the  free  radicals  research  program  at  AIM  have  been 
detected  recently  In  interstellar  space  In  radio  astrono 
mers  at  other  laboratories  Two  especially  interesting 
examples  are  the  ( N and  < II  radicals  l'liese  species 
are  so  reactive  that,  prior  to  the  interstellar  ohserva 
turns  (Refs  I and  .’),  the  only  information  about 
their  magnetic  tine  and  hyperfine  structure  came  I term 
rsi!  studies  (at  AIM  and  elsewhere')  ot  the  radicals 
trapped  in  inert  gas  matrices  at  I k (Rets  x and  I) 
Ihe  matrix  rsu  data  were  useful  in  establishing  the 
identity  ot  the  radicals  Irom  their  interstellar  emis 
sums,  which  correspond  to  transitions  from  the  first 
excited  rotational  state  to  the  ground  state 

However,  attempts  at  more  detailed  comparisons  ot 
the  available  l sir  data  with  magnetic  line  structure  in 
the  microwave  emissions  indicated  a need  lor  more 
precise  I xk  measurements  Also  needed  was  a consul 
c ration  of  possible  changes  in  the  magnetic  parameters 
ot  the  isolated  radicals  resulting  from  interactions  be- 
tween the  radical  and  the  host  matrix  and  or  aver 
aging  ot  the  isolated  radical  parameters  over  some 
rotational  motion  ot  tin  radicals  tn  the  matrix  Ot 
particular  interest  was  the  fact  that  the  t N and  ( II 
radicals  prov  ide  an  especially  stringent  test  ot  an  un 
portant  predicted  relationship  between  the  electronic 
magnetic  moment  of  a radical  (which  is  readily  mea 
sured  by  terrestrial  i xk  experiments)  and  the  spin 
doubling  splitting  ot  the  microwave  rotational  lines 

If  the  electron  magnetic  moment  is  written  as 
fi,  c/i,i.V  where  ,,i  is  the  Mohr  magneton  and  y is 
the  electron  spin,  tins  relationship  is  (Ref  s) 

y -'"Ax,  xO  in 

where  y and  / 1„  are  the  spin  doubling  and  rot.ituin.il 


constants,  g is  the  electron  c I actor  tn  a duection 
perpendicular  to  the  molecular  axis  (directum  ot  the 
rotation  axis),  and  . , .’OO.’s.'  is  the  trie  spin  v 

value  fhe  physical  origin  ot  1 cj  l is  as  lollows  g( 
usually  ditfers  slightly  Irom  . because  perturbation 
ot  the  orbital  motion  ot  the  electrons  within  the  radi 
cal  by  the  magnetic  field.  II.  results  m a small  orbital 
contribution  to  u,  Sunil.uly.  the  perturbation  ot  the 
electron  orbital  motions  by  molecular  rotation  creates 
a magnetic  held  whose  interaction  with  ft , splits  each 
rotational  line  into  a doublet  I’lie  connection  between 
these  effects.  embodied  in  I c|  I.  is  provided  by 
I .armor's  theorem,  which  stales  that  umlci  fairly  gen 
era  I conditions  the  magnetic  interaction  H/i,  may  be 
represented  by  a rotating  coordinate  system  01.  phvsi 
cally.  a rotating  molcxule  at  the  rotation  liecpiencv 
oc  - - /Ijl  I 


DISCUSSION 

The  electronic  magnetic  moment  ot  a radical  isde 
termmed  from  the  l su  spectrum  by  the  relationship 
i-  c'ii  |/f,  where  r is  tlu  microwave  Ireciueiny  and  II 
is  the  magnetic  held  strength  at  which  tlu  I xk  line 
appears  In  order  to  make  the  most  accurate  measinc 
incuts,  several  improvements  were  made  m tlu  auto 
main  frcxiueucv  control  loop  that  stabilizes  tlu  mn  to 
wave  trov|ueinv  ot  the  l sk  spectrometer  Also,  the 
proton  magnetometer,  which  measures  II.  was  call 
brated  using  the  precisely  known  c l.ntot  ot  the 
hydrogen  atom  in  Ar  and  kt  matrices 

Matrix  perturbations  were  found  to  affect  the  g 
values  ci|  ( II  but  not  those  c'l  ( N flu  c'bseived 
differences  Isetween  the  g values  of  ( II  m Ar  and  ki. 
combined  with  the  theory  c'l  matrix  slutts  ot  . tinh 
c ated  that  the  Ar  value,  g,  .’  OO.'SS,  should  lx  close 
to  but  slightly  less  than  the  isolated  iadu.il  value  t sl- 
ot this  value  in  fc|  I gave  y IS  ')  Mil/  as  com 

pared  to  the  observed  v . ihu  cl  o.'  s Mil/  (Ret  ') 

I stim.it es  ot  the  matrix  slutts  ol  g,  tot  ( II.  obtained 
by  assuming  that  the  slutts  are  propi'rttonal  to  the 
known  matrix  slutts  ol  the  hydrogen  atom,  gave  even 
better  agreement  g,  '00(1)0  and  y (>  ' ' Mil/ 
(Ref  (') 

I veil  though  there  were  no  matttx  slutts  ol  g.  the 
( N c.isi  was  more  complex  Ixxausi  the  l sk  spextrum 
ot  this  radical  in  Ar  at  I k was  inconsistent  with  the 
spectrum  ol  an  axially  symmetric  radua!  In  this  sjxx 
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trum  (Fig.  1),  let  us  momentarily  ignore  the  outer 
lines  of  the  triplet  shown  in  Fig.  la,  which  are  due  to 
the  nitrogen  hyperline  splitting,  and  concentrate  on 
the  expanded  trace  of  the  centerline  in  Fig.  lb.  The 
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Fift  I ESR  spectrum  of  CN  in  an  Ar  matrix  at  4 K. 
(a)  Complete  spectrum,  (b)  Expanded  trace  of  the 
centerline,  ff.  denotes  the  resonant  field  of  a free  elec- 
tron spin. 


complex  shape  of  this  line  has  two  distinct  peaks 
at  its  outer  limits  and  an  interior  shoulder,  denoted 
gt,  g3,  and  g2,  respectively.  In  a polycrystalline  matrix, 
this  line  represents  a superposition  of  spectra  for  all 
possible  orientations  of  the  radical  with  respect  to  the 
external  magnetic  field.  The  distinct  features  corre- 
spond to  radicals  that  are  oriented  so  that  the  mag- 
netic field  is  parallel  to  a principal  axis  of  the  electron 
magnetic  moment  or  g factor  tensor.  Since  there  are 
three,  rather  than  two,  distinct  features,  CN  in  Ar 
cannot  be  an  axially  symmetric  system  but  has  three 
distinct  g values:  g,  = 2.00165,  g2  = 2.00067,  and 
ga  = 2.00036  (Ref.  6). 

The  nonaxial  symmetry  indicates  that  CN  under- 
goes a complex  motion  in  the  Ar  matrix  resulting  in 
an  observed  nonaxial  g tensor  that  is  the  motional  av- 
erage of  the  axially  symmetric  free  molecule  g tensor. 
A model  of  the  motion  gave  g1  — 2.00028  (Ref.  6). 
Use  of  this  value  in  Eq.  1 gave  y — 234  MHz,  in 
excellent  agreement  with  the  observed  value  of 
217  MHz  (Ref.  1) 

Furthermore,  using  this  model  and  the  nitrogen 
hyperfine  constants  of  free  CN,  obtained  from  the 
interstellar  microwave  data,  to  compute  the  motionally 
averaged  nitrogen  hyperfine  splitting  gave  a predicted 
hyperfine  splitting  of  27.9  MHz  for  C N in  Ar.  This 
value  is  in  excellent  agreement  with  the  observed 
splitting  of  28.0  MHz,  whereas  in  the  absence  of 
motional  corrections  the  value  disagreed  with  the 
interstellar  CN  data  (Ref.  6), 
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MICROCOMPUTER-CONTROLLED 
CARTRIDGE  TAPE  UNIT 


The  advent  ot  microprocessor  technology  has  made 
practical  the  design  ot  compact,  software  adaptable 
equipment  I he  caitndge  tape  umt  (CTU)  is  one  ot 
API's  first  applications  ot  microprocessor  technology 
to  culminate  in  operational  hardware 


BACKGROUND 

In  1972.  API.  developed  .1  data  collection  and  re 
cording  (IX'tkR)  system  to  retrieve  data  at  remote 
installations  It  was  designed  to  operate  reliably,  virtu 
ally  bands  oil,  lor  extended  periods  of  time  One  ot 
the  major  components  of  the  system  was  a nine  track, 
HIM  compatible,  synchronous  tape  drive  This  type 
of  drive  is  highly  complex  and  rcvjuires  routine  main 
teiiancc  to  ensure  reliable  operation,  hour  years  ot 
experience  with  the  1 V \ R system  indicated  that  the 
recorder  was  not  meeting  the  reliability  requirements 
of  the  system  and  an  effort  was  begun  in  1970  to 
develop  a replacement  for  it 


DISCUSSION 

A relatively  new  type  of  recording  system  was 
chosen  as  a replacement.  It  employs  a sM  tape  car 
(ridge  with  take  up  reels  and  an  elastomeric  drive  belt 
that  eliminates  the  need  lor  reel  servo  control.  This 
approach  dramatically  reduces  the  mechanics  and  the 
circuit  components  needed  to  control  t.i|se  motion 
Several  manufacturers  produce  digital  caitndge  drive 
units  that  are  compatible  with  the  CM  tape  data  car 
triclge. 

The  (11  (bigs,  t and  .’I  was  developed  as  a 
plug  in  replacement  tor  the  recorder  being  used  in  the 
IXVkR  system  The  decision  was  made  at  the  onset 
of  the  task  to  develop  the  (Tl’  around  a micro 
processor  controller.  The  Motorola  MoKOO  system  w as 
c hosen  hex  arise  of  a large  family  of  supporting  input 
output  (I  O)  devices  figure  S illustrates  how  these 
I O devices  are  utilized  in  the  ( Tl ' system 

One  of  the  goals  in  designing  the  < Tl’  was  to  rc 
duce  the  size,  required  power,  and  weight  of  the  re- 
corder by  at  least  'O',  The  microprocessor  would 
not  only  control  the  device  but  would  provide  dug 
in >stic  aid  to  the  field  service  personnel  responsible  for 
proper  system  operation 

Several  functions  have  been  implemented  to  date, 
all  requiring  some  interlace  with  the  operator  through 


big.  1 The-  cartridge-  tape  unit  and  maintenance  termi- 
nal. 


big.  2 Internal  view  of  cartridge  tape  unit 


a terminal  (a  I I Silent  '00  is  bung  used  at  held 
sites).  With  tins  terming) , data  cm  be  retd  b.nk 

Irom  tapes  tor  spot  ducking,  and  software  routines 
can  be  read  into  (In  random  access  memory  (I<avi> 
and  executed  to  perform  analysis  oi  othet  tunc  lions 

A memory  diagnostic  is  included  m the  piogr.un 
m.ihle  read  only  memory  (I'Rum'i  soltw.uc  lot  check 
tog  ram  A checksum  routine  monitors  the  prom’s 
continuously  when  the  unit  is  opci.itiona!  and  flags 
those  vv  it h errors 


i 


I 

Perhaps  the  most  important  asset  of  a microproc- 
essor based  system  is  the  flexibility  that  tan  he  realized 
New  functions  can  he  added,  often  without  wiring  or 
other  hardw  are  changes,  hv  changing  a I’Rom  Changes 
can  lx;  made  and  verified  in  the  office  and  imple- 
mented in  the  field  with  ease  The  diagnostic  capabil- 
ities that  can  he  implemented  .ire  virtually  without 
limit  through  the  use  ot  cartridge  tapes  for  software 
storage  and  a terminal  for  operator  interface 
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Energy  management  is  a key  technical  area  in  much  of  APL's  work.  Since 
its  inception,  API.  has  been  a leader  in  high-speed  combustion  research  and 
its  application  to  advanced  ramjet  and  rocket  propulsion  systems.  The  develop- 
ment of  more  efficient  subsonic  and  supersonic  combustion  ramjets  is  pro- 
vi  ling  the  basis  for  increased  range  and  performance  of  future  missiles. 

One  recent  accomplishment,  reported  in  the  Naval  Systems  Support  section 
of  this  volume,  is  the  successful  design  and  test  of  an  efficient  low-volume 
ramjet  combustor  that  can  extend  the  range  of  the  Advanced  Surface-to-Air 
Ramjet  (ASAR)  within  the  constraints  of  current  shipboard  launching  and 
handling  systems.  The  dramatic  increase  in  performance  capability  provided 
by  another  APL  propulsion  development,  the  integral  rocket- ramjet,  is  also 
presented  in  that  section  of  this  volume. 

The  C hemical  Propulsion  Information  Agency  operated  by  APL  supports 
the  national  rocket  propulsion  supplier  and  user  communities  by  providing 
definitive  component  and  system  information,  standardized  methodology  for 
measuring  and  presenting  rocket  design  and  performance  data,  and  guidance 
in  areas  of  continuing  R&D  needs. 

In  the  civil  area,  APL  combustion  technology'  is  applicable  to  more  efficient 
utilization  of  increasingly  scarce  and  expensive  fossil  fuels.  A spin-off  of 
APL  combustion  expertise  is  the  Fire  Research  Program  discussed  in  the 
Environmental  Programs  section. 

Energy  management  is  also  essential  to  the  APL  satellite  and  space  vehicle 
programs.  APL  pioneered  the  development  and  application  of  long-life  solar 
cell  power  systems  for  satellites.  In  support  of  this  requirement,  research 
in  photovoltaic  materials  and  processes  is  conducted  This  work  may  provide 
a basis  for  lower  cost  solar  photovoltaic  systems  for  civil  energy  generation. 

Some  recent  results  on  thin-film  silicon  solar  cells  are  reported  herein.  Another 
satellite  requirement,  momentum  storage  for  spacecraft  attitude  control,  led 
to  the  development  of  highly  efficient  flywheels  APL's  proprietary  flywheel 
designs  arc  applicable  to  efficient  energy  conversion  and  storage  for  both 
automotive  and  stationary  civil  applications. 

As  early  as  1 9 " V API  had  analyzed  energy  technologies  and  concluded 
that  utilization  of  low  grade  heat  will  provide  increasingly  important  alterna- 
tives to  scarce  toss 1 1 fuels  These  include  solar  thermal,  geothermal,  and 
waste  heat  sources  Accordingly,  programs  were  initiated  in-house  in  the 
areas  of  ocean  thermal  energy  (OTEC.  solar  energy  stored  in  the  tropical 
oceans),  geothermal  applications,  and  annual  storage  systems  that  save  sum- 
mer heat  tor  winter  use  \X’hiie  some  ot  the  efforts  are  in  too  early  a 
stage  tor  detailed  reporting,  they  have  been  endorsed  by  ERDA  and  will 
receive  increasing  future  sponsor  support  A common  requirement  of  these 
applications  is  more  efficient  heat  exchange  at  small  temperature  differences. 

Engineering  design  data  tor  heat  exchange  at  small  temperature  differences 
were  hitherto  unreliable  or  nonexistent  I he  OTEC  heat  transfer  experiments 
provide  tor  the  first  time  a firm  basis  tor  the  design  of  economical  evaporators 
and  condensers  lor  large  OTEC  plants  Development  of  mathematical  models 
tor  heat  exchangers  provides  an  analytical  basis  for  more  efficient  design.  37 
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THIN-FILM  SILICON  SOLAR  CELLS 
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Experimental  solar  cells  were  fabricated  from 
vacuum-deposited  polycrystalline  silicon  films  using 
conventional  integrated-circuit  processing  techniques. 
Solar  cell  efficiencies  of  approximately  2%  (AM2) 
were  obtained  from  small  devices  with  no  attempt 
made  to  optimize  the  electrode  configuration  and 
without  an  antireflection  coating.  Suggested  ways  to 
improve  processing  and  structure  could  lead  to  the 
development  of  low-cost,  large-area,  photovoltaic  de- 
vices suitable  for  the  terrestrial  conversion  of  solar 
energy. 


BACKGROUND 

The  requirement  for  efficient  solar  cells  that  could 
he  manufactured  in  large  quantities  and  at  low  cost 
has  compelled  researchers  to  consider  forms  of  semi- 
conductors other  than  single  crystals.  The  possibility 
of  using  vacuum-deposited  polycrystalline  silicon  on 
foreign  substrates  was  examined.  Vacuum  deposition 
is  a well-known  and  accepted  method  for  producing 
large-area  layers  of  metals,  dielectrics,  and  some  semi- 
conductors such  as  selenium  and  cadmium  sulfide. 
Previous  difficulties  in  the  vacuum  deposition  of  semi- 
conducting grade  silicon  (and  germanium)  have  led 
researchers  to  avoid  these  materials  for  practical 
applications. 

Original  studies  had  been  done  by  APL  on:  (a) 
vacuum  deposition  and  secondary  ion  mass  spectrom- 
etry (sims)  analysis  leading  to  very  pure  silicon  films 
(Ref.  1),  (b)  the  crystallization  kinetics  of  amor- 
phous silicon  films  (Ref.  2),  (c)  the  formation  of 
p-n  junctions  and  devices  on  fused  silica  substrates 
by  standard  diffusion  techniques  (Ref.  3),  and  (d) 
the  formation  of  diodes  with  some  photovoltaic  re- 
sponse in  thin  samples  that  were  deposited  in  amor- 
phous form  on  sapphire  and  subsequently  crystallized 
(Ref.  4). 


DISCUSSION 

In  the  present  work,  silicon  was  deposited  on  sub- 
strates maintained  between  800  and  1000°C.  For  the 
most  part,  the  substrates  were  sapphire  in  order  to 
avoid  complications  of  mismatched  expansion  coeffi- 
cients and  impurities  introduced  from  the  substrates. 
Special  glass  substrates  were  also  used  with  results 
equivalent  to  those  obtained  with  sapphire.  The  re- 
sulting films  are  polycrystallinc  with  various  grain 
sizes,  depending  on  the  substrate  temperature.  Films 


up  to  33  /un  were  deposited.  Planar  p n junction 
diodes  were  formed  in  the  samples  by  a conventional 
integrated-circuit  double-diffusion  process.  These  di- 
odes were  evaluated  as  potential  low-cost  solar  nils. 

Film  Preparation.  Silicon  films  were  vacuum  de 
posited  from  a molybdenum-lined,  water-cooled, 
nickel  crucible  that  was  heated  by  means  of  an  elec- 
tron gun.  The  precautions  necessary  for  maintaining 
sample  purity  have  been  described  elsewhere  (Ref,  3). 

The  deposition  parameters  are  given  in  Table  1. 
The  predeposition  pressures  were  approximately 
5 X 10-"  Torr. 

TABLE  I 


DEPOSITION  AND  FILM  PARAMETERS 


Parameter 

Si  130 

Si  147 

Si  149 

Si  155 

Pressure  (Torr) 

U x 10-* 

2 X 10  7 

7 X 10-7 

5 X 1()-7 

Substrate  temperature  (°C) 

500 

650 

800 

980 

Thickness  (Mm) 

13  8 

5 0 

8 5 

33  0 

Deposit  rate  (nm/min) 

490 

14 

23  6 

91.7 

Grain  diameter  (Mm) 

0.17 

1.64 

i 

2.06 

4 94 

The  films  were  examined  by  scanning  electron  mi- 
croscopy immediately  after  deposition  and  at  various 
stages  in  the  subsequent  processing.  There  appeared 
to  be  little  observable  change  in  surface  grain  appear- 
ance that  could  be  attributed  to  processing.  Grain 
diameters  increased  with  an  increase  in  substrate  tem- 
perature (Table  l). 

Function  of  p-n  Junction.  Doubly-diffused 
p-n  junction  diodes  were  formed  in  polycrystalline 
films  by  a 15-step,  three-level,  photolithographic, 
double-diffusion  process.  The  procedures  are  based  on 
industrial  practice  for  single-crystal  processing  and 
were  developed  from  previous  experience  with  ex- 
tremely thin,  small-grained  films  on  fused  silica  sub- 
strates (Ref.  1).  Single-crystal  wafers  were  processed 
along  with  the  polycrystalline  samples.  All  samples 
were  processed  identically  to  permit  comparisons  of 
film  specimens. 

sims  Analysis  of  Diffusions.  The  sims  analysis 
of  silicon  thin  films  included  determining  the  im- 
purity content  and  dopant  profiles.  Typical  sims  pro- 
files are  shown  in  Fig.  1 for  Si  147B  and  Si  149B 
and  their  corresponding  single-crystal  monitor.  Pro- 
files such  as  these  have  demonstrated  that  doping 
levels  in  films  may  be  controlled  in  the  same  manner 
as  in  single  crystals.  The  p-n  junction  is  located  at 
the  intersection  of  the  phosphorus  and  boron  profile. 


I 


Phosphorus 


Depth  from  surface  (pm) 


Fig.  1 SIMS  dopant  concentration  profiles  for  polycrvs- 
talline  films  l Si  14~B  and  Si  I49B)  and  a single-crystal 
monitor.  Curves  represent  a Gaussian  fit. 


In  the  films,  the  junction  was  about  1.2  pm  deep  In 
the  single  crystal,  the  junction  was  0.48  pin  deep.  The 
difference  is  due  to  the  different  diffusion  constants 
ot  the  single  crystal  and  the  polvcrysfalline  sample. 

Photovoltaic  Risponsi  Photovoltaic  response 
/ I"  curves  were  obtained  by  illuminating  the  sample 
with  a radiation  flux  similar  to  that  received  at  ground 
level  in  the  United  States.  As  can  be  seen  in  fig  2. 
the  photovoltaic  response  increases  w ith  an  increase  in 
grain  size.  Note  that  the  curve  labeled  1 A 1 Hi S U 
in  Fig.  2 was  obtained  from  a sample  containing  a 
predeposited  boron  layer  and  thus  the  juncti on  was 
formed  by  bilateral  diffusion.  Table  2 gives  the  photo- 
voltaic response  parameters  for  the  samples  listed  in 
Table  1.  Here.  is  the  open-circuit  voltage.  the 
short-circuit  current  density,  //  the  fill  factor,  and  y 
the  efficiency  of  converting  the  simulated  solar  radia- 
tion to  electrical  power.  This  efficiency  does  not  take 
into  account  anti  reflection  coatings  or  special  geome- 
tries that  are  commonly  used  in  solar  cells.  The  till 
factor,  defined  as  is  a measure  of  the 

sharpness  of  the  bend  in  the  curves  shown  in  Fig.  2. 
The  last  row  in  Table  2 gives  the  response  of  the 
single  crystal  monitor  that  was  processed  with  film 
sample  lssR.  As  expected,  the  single  crystal  monitor 


100  | 


1 10  100  1000 
Photovoltaic  (mV) 


Fig.  2 Illustrated  1— V characteristics  for  poiv crystalline 
films  w ith  various  grain  diameters  and  a crystal  monitor. 


TABLE  2 


PHOTOVOLTAIC  RESPONSE  PARAMETERS 


Sample 

Radiation 

(mW/cm-) 

V... 

(V) 

(mA/cm-) 

V Cr) 

1 40D 

OS 

o 0:0 

2 l 

0.29 

0.0  A 

I4’B 

SO 

0 is 

s 0 

0 w 

0 44 

14PB 

so 

o \9 

1 1 0 

0 40 

1 3 

1 A SB 

0.22 

1 1 0 

0 60 

l 0 

crystal 

o n 

*8  0 

0 N(, 

1 1 6 

performs  better  than  its  film  companion  However, 
part  of  this  difference  is  due  to  the  difference  in  junc- 
tion depths  illustrated  in  Fig.  I 


CONCLUSIONS 

It  has  been  demonstrated  that  high  purity,  thick 
films  with  large  ratios  of  grain  size  to  thickness 
can  be  deposited.  Photovoltaic  /’  n junctions  can  be 
formed  in  the  samples  by  both  unilateral  and  bilateral 
double  diffusions.  The  devices  show  promising  effi- 
ciency (1  to  2rF)  as  solar  cells,  and  optimization  of 
the  geometry  and  deposition  conditions  is  expected  to 
increase  the  efficiency  considerably. 
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FULLY  DEVELOPED  CONVECTIVE 
THERMAL  FIELDS 


Finned  heating  ducts  have  been  examined  numeri- 
cally using  a finite  difference  program  A surprising 
result  is  that  not  all  tins  improve  convective  heat 
transfer,  contrary  to  the  general  impression 


BACKGROUND 

Fnergy  considerations  dictate  that  heating  ducts 
should  he  designed  to  extract  maximum  heat  trom  a 
tluid  (lowing  down  the  duct.  Longitudinal  tins  had 
been  shown  empirically  to  increase  average  heat  trail' 
ter  (Ret  IV  Indeed,  the  impression  one  obtains  from 
the  literature  is  that  all  tins  improve  heat  transfer; 
such  appears  not  to  be  the  case  We  have  developed 
a finite- -difference  program  that  examines  any  long, 
straight  duct  of  general  arbitrary  cross  sett  ion  lhe 
results  indicate  which  tins  do  and  do  not  improve 
heat  transfer. 


DISCUSSION 

Fully  developed  laminar  flow  in  the  ducts  (parallel 
to  the  walls')  and  fully  developed  thermal  fields  tor 
uniform  heat  loss  per  unit  length  of  duct  are  tie 
scribed  mathematically  by  coupled  linear  partial  dif- 
ferential equations  similar  to  those  in  two-dimensional 
viscous  flow  problems  (Ref  i Applying  our  model- 
ing experience  to  the  thermal  problems,  we  computed 
steady  velocity  fields  and  temperature  fields  via  a 
direct  finite-difference  program  for  arbitrary  diuts 
(Ref  O 

lhe  velocity  equation  for  steady  parallel  flow 
(Fig  O reduces  to 


with  the  nonshp  'isious  boundary  condition  that 
the  velocity  is  zero  on  the  surface  ot  the  duct,  or 
/.  * „ 0.  where  II  (walF)  denotes  the  plane  curve 

ir(v.i')  0.  the  edge  ot  the  cross  section  ot  the 
straight  duct  The  velocity  F p '■  •/-'  has  been 

used  to  normalize  velocity,  t,  n*  ft  l Here,  as  in 
lag.  1.  b is  the  halt  height  ot  the  duct,  p the  fluid 
viscosity.  Jp  .lz  the  constant  pressure  gradient  in  the 
axial  ( : ) direction,  and  A .v  b. 


Fully  developed  thetmal  field  where  average 
heat  flux  per  unit  length  tz)  is  constant 


Fig.  I Defining  the  duct  problem  for  viscous  incom- 
pressible fluids  of  constant  physical  properties.  ...  and  .1 


Neglecting  axial  heat  conduction  and  frictional 
heating,  the  corresponding  equation  lor  the  convective 
thermal  field  reduces  to 
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The  temperature,  ft.  is  normalized  hv  ff*  — (f)  — f)u  ) 
(l'h-a  ' r f)  rz),  where  „ is  the  thermal  diffu 
sivity  of  the  thud,  .iiu)  f)  rz  is  the  average  tempera 
ture  gradient  in  the  axial  direction  One  can  describe 
a variety  of  temperature  boundary  conditions  on  the 
curve  IE  (v  t)  0 that  reflect  various  physical  situa 
turns  related  to  heat  conduction  in  the  wall  material 
One  ot  the  most  popular  tor  theoretic.il  modeling  has 
been  0*  „ 0 (condition  a),  as  if  the  duct  were  lined 

with  metal  of  such  high  heat  conductivity  that  any 
peripheral  temperature  differences  would  be  smoothed 
out  immediately  'XV  have  also  considered  It*  „ = 
/(vt)  VO  (condition  b)  to  cover  other  situations 
where  temperature  distributions  are  part  of  the  prob- 
lem. 

liquations  1 and  - are  solved  bv  a finite-difference 
approximation  (Ret  3).  Briefly,  a square  grid  is 
superimposed  on  the  region.  The  usual  five-point  dif- 
ference approximation  to  y is  applied  to  each  inter- 
nal mesh  point  not  adjacent  to  the  boundary.  Near 
a curved  boundary,  a Shortlcv-Weller  approximation 
(Ref.  4)  is  applied,  and  boundary  mesh  values  are 
imposed.  The  resulting  linear  system  of  equations  is 
solved  directly  using  a capacitance  matrix  approach 
(Ref.  3). 

The  absolute  accuracy  of  the  method  has  been  tested 
against  a variety  of  duct  sections  for  which  the  exact 
analytic  solutions  are  known.  The  agreement  was  ex- 
cellent as  is  shown  in  Table  1 where  the  numerical 

TABLE  1 

COMPARISON  OF  NUMERICAL  AND 

ANALYTICAL  TEMPERA!  I RE  SOLI  TIONS— 
CENTER  PLANE  PROFILES  O * IS 
CENTRAL  VALL  E) 


(a)  Square  (a Jb  — lit 


Absolute.  0* 

Relative 

\ e*/»* 

Yf.Y) 

Numerical 

Analytical 

Numerical 

Analytical 

0 

- 0 061990 

— 0.064998 

1 0 

1 0 

0.2' 

-0.06041 ' 

- 0 0604 1 8 

0.9296 

0.9296 

O' 

-on  roio 

-0.04-01 1 

0.-2  V' 

0.7235 

0 

-0  02' 9-6 

0 02'97> 

0 *997 

0.3996 

10 

0 

0 

0 

0 

tb)  Ellipse  of  fineness  ratio  2 (at  — 2 ) t 

(#,*  ” — 0.12101.  null);  $..*  — —0  12291  anal) 


V 

Numerical 

Analytical 

V 

Numerical 

Analytical 

0 

1.0 

1.0 

0 

1.0 

1 o 

0 2' 

0.923' 

0.923' 

O' 

0.9049 

0.9048 

0 ' 

0.70'4 

0 70'S 

1.0 

0 .64 '9 

0 6460 

0.7' 

0.3789 

0 *790 

1 .' 

0 301  3 

0 3008 

1.0 

0 

0 

2 0 

0 

0 

, l-  f linitc  difference  mesh  si/e 
■ 'ml 


values  of  u*  and  fi*  are  Compared  with  the  exact 
analytic  solutions  The  agreement  is  to  three  or  more 
significant  figures  for  n*  (Ref.  6)  and  ft*  (Ref.  3) 
everywhere  within  the  held  The  examples  included 
round  and  elliptical  sections,  indicating  that  the  curved 
boundary  approximation  is  v alid.  The  method  is  com 
petitive  with  finite-element  and  over  determined  col- 
location methods  for  obtaining  convective  held  solu 
tions  numerically. 

When  the  temperature  boundary  condition  a is  ap- 
plied to  Kq  2,  the  resulting  thermal  field  tends  to 
resemble  the  velocity  field  (big.  2)  I here  are  dif- 
ferences, since  isovels  and  isotherms  coincide  exactly 
only  when  the  duct  is  circular  In  the  case  considered 
here,  the  peak  velocity  occurs  at  two  symmetrical  off 
center  points  (v -mark);  the  temperature  extremum  is 
is  still  at  the  center.  The  surface  heat  conductivity 
(dimensional)  is  directly  proportional  to  the  normal 
temperature  gradient,  off*  e.Y,  along  U’(v.t).  It  is 
very  close  to  being  proportional  to  the  velocity  shear, 
rti*  o.V.  along  the  surface.  The  extrema  are  located 
at  the  tips  of  the  tins. 


Fig.  2 Velocity  and  temperature  contours  in  a tinned 
square  duct.  Isovels  id. idled  curves;  cross  is  at  peak  ve- 
locity) are  in  the  upper  half  and  isotherms  (solid  curves) 
in  the  lower  half  of  the  duel. 


We  have  considered  four  different  fin  geometries 
(Fig.  l)  The  letter  denotes  the-  w idth  of  the  fin 
(If  is  wide  and  .11.  medium)  and  the  number  is  the 
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I lit-  efft-cl  of  Ivmndary  condition  b does  not  appe.tr 
very  much  in  the  literature  Vet  wc  have  found  that 
it  makes  a considerable  difference  in  surface  conduc- 
tivity1 and  overall  heat  transfer,  even  tor  the  tinless 
convex  ducts  where  exact  analvtic  solutions  have  al- 
ways been  pc'ssible  (Ret  V).  No  longer  do  isovcis 
and  isotherms  resemble  each  other  The  peak  surtacc 
conductivity  shifts  from  the  tips  of  the  fins  and  or 
midsides  of  tinless  configurations,  and  the  bulk  tem- 
perature (a  mixed-mean  average  of  **«*,  essentially  ) 
can  even  go  to  zero  (theoretically ) However,  the 
bulk  temperature  occurs  in  the  denominator  of  the 
Nusselt  number  and  infinite  values  cannot  occur  physi 
callv  Still,  the  numerical  modeling  indicates  that 
significant  changes  will  occur  with  nonunilorm  pe 
riplier.ll  lemperat ures  c>r  corresponding  concentration 
distributions  t Kc- 1 ") 


Hydraulic  diameter  ratio.  Dh  2L* 

Fig.  i Nusselt  nunrber  as  a function  of  Di,/2b  for  tinned 
square  ducts. 


percentage  length  of  the  tin.  The  Nusselt  number 
(Nu)  is  the  usual  way  of  comparing  the  average  hear 
transfer  of  different  ducts  It  is  a normalized  overall 
heat  conductance  based  on  the  hydraulic  diameter,  Dh. 
for  noncircular  ducts.  For  the  tinned  square  ducts,  the 
hydraulic  diameter  is  always  less  than  the  actual 
height.  (The  two  agree  for  the  tinless  square  duct.) 
Figure  s.  a plot  of  Nusselt  number  versus  hydraulic 
diameter  ratio.  P*  lb,  shoves  that  only  one  of  the 
four  finned  configurations  has  a greater  average  heat 
conductivity  than  the  fmless  square  duct.  Short  fat  tins 
definitely  degrade  heat  transfer,  but  long  thin  tins 
improve  it 
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INTERNAL  HEAT  TRANSFER  EXPERIMENTS 
FOR  OTEC  EVAPORATOR  TUBES 


In  the  APL  Ocean  Thermal  Energy  Conversion 
(OTEC)  plant-ship  concept,  large  diameter  (3  to  4 in.) 
aluminum  tubes  with  ammonia  <1  owing  inside  are 
being  proposed  tor  use  as  a low-cost  multipass  evapo- 
rator. Experiments  measuring  the  internal  two  phase 
heat  transfer  coefficients  of  ammonia  flowing  inside 


a 3-i n.  diameter.  20-tt  long  aluminum  tube  have  been 
conducted  at  the  APL  Propulsion  Research  Laboratory 
Prior  to  these  tests,  no  data  were  available  for  large 
diameter  tubes  at  the  heat  fluxes  fhat  will  occur  during 
OTEC  operations  (1000  to  3000  Btu/h  ft  ) The  results 
provide  a basis  for  predicting  the  internal  beat  frans 


ter  characteristics  needed  for  the  design  of  an  evapo- 
rator core  unit  to  be  tested  in  the  next  phase  of  the 
development  program. 


BACKGROUND 

In  an  OTFC  plant,  warm  surface  seawater  will  he 
used  in  evaporators  to  vaporize  ammonia.  The  am- 
monia will  drive  a power  turbine  and  then  will  be 
condensed  bv  heat  exchange  with  cold  seawater  drawn 
from  a depth  of  2^00  ft.  The  electric  power  will  he 
used  on  board  to  produce  ammonia,  aluminum,  or 
other  energy  intensive  products. 

Ihc  plants  will  succeed  commercially  only  if  the 
overall  system  cost  is  low.  A promising  low  cost  heat 
exchanger  concept  (Ref.  1)  has  arrays  of  large- 
diameter  (f  to  4 in.)  multipass  aluminum  tubes  for 
both  the  evaporator  and  the  condenser,  with  ammonia 
as  the  working  fluid  inside  the  tubes.  Seawater  is 
pumped  to  head  ponds  above  the  tube  banks  and 
flows  vertically  downward  bv  gravity.  The  use  of  a 
large  diameter  tube  results  in  a configuration  that 
allows  sufficient  space  in  the  vertical  planes  between 
the  rows  of  tubes  to  permit  the  use  of  a low-cost 
system  of  water-jet  cleaning  heads  to  remove  the 
biofouling  from  the  outside  of  the  tubes.  The  large 
diameter  also  reduces  the  number  of  joints  required, 
thus  reducing  fabrication  costs  (Ref.  1). 


The  internal  heat  transfer  experiments  described 
herein  were  needed  to  validate  correlations  that  have 
been  employed  in  system  studies — correlations  that 
were  obtained  by  others  from  experiments  on  smaller 
diameter  lubes  and  at  relatively  high  heat  fluxes  Full 
details  of  the  API.  experiments  are  given  in  Ret.  2. 


DISCUSSION 

Figure  1 is  a simplified  Schematic  of  an  internal 
flow  test  loop  simulating  a single  evaporator  pass. 
Ammonia  is  transferred  from  a storage  tank  to  fill 
the  ammonia  sump  to  an  automatically  controlled 
head  This  precludes  cavitation  in  the  ammonia  pump 
and  provides  a constant  mass  flow  to  the  circuit  The 
quality  of  the  ammonia  (mass  percent  vapor)  enter- 
ing the  test  section  is  altered  bv  varying  the  heat  input 
from  a horizontal,  digitized  steam- jacketed  pre- 
heater 

The  test  section  is  wrapped  with  electric  heating 
tape  to  provide  a uniform  external  heat  flux  to  the 
outside  wall.  The  ammonia  flows  from  the  test  section 
into  a demister  that  returns  the  liquid  to  the  sump. 
To  avoid  the  need  for  a large  condenser  in  the  loop, 
the  vapor  is  discarded  via  a pressure  regulator  into 
the  facility  water-cooling  system  and  escapes  from  a 
spray  basin  bv  gradual  evaporation.  Liquid  ammonia 


Fig.  I Simplified  diagram  of  an  internal  flow  test  loop. 
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is  nulircd  continuously  to  the  sump  to  make  up  for 
the  discarded  vapor,  and  the  ratio  of  the  makeup  flow 
to  the  total  flow  in  the  loop  serves  as  the  measure 
ol  quality  The  test  section  is  a tube  of  6061  T alumi- 
num alloy,  3 .02  in.  OD  and  20  ft  long.  with  a 
0 131  in  wall  thickness.  I hermocouples  and  pressure 
transducers  measure  hulk  ammonia  temperatures  and 
pressures  at  the  inlet  and  the  outlet.  The  wall  tem- 
peratures ot  the  aluminum  tube  are  measured  by  ther- 
mocouples and  thermopiles  at  four  stations  along  the 
tube  length. 


Data  were  obtained  at  29  test  conditions  for  am- 
monia mass  flow  rates  ranging  from  1.0  to  2.8  Ib/s, 
heat  flux  values  from  1100  to  2300  Btu/h-ft-’,  tube 
inclination  angles  from  0.26°  downward  to  2.0°  up- 
ward, and  mass  qualities  up  to  20ri  . Run  6,  which 
had  the  most  complete  instrumentation,  covered  16 
test  conditions  at  a 2°  upward  tilt 

Results  from  the  all-liquid-inlet  tests  of  run  6 arc 
compared  with  the  Dittos  Boelter  correlation  in  Fig. 
2.  Although  heat  balances  indicated  that  very  small 
amounts  of  boiling  did  occur  in  these  all-liquid-inlet 
tests  (qualities  of  0.02  to  0.8 rr  for  the  various 
points),  agreement  with  the  correlation  is  good. 


Thermal  conductivity  of  liquid 


Re  * Reynolds  number 
Pr  = Prandtl  number 
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Fig.  2 Comparison  of  all-liquid-inlet  tests  and  Dittus- 
B<x*lcer  correlation. 


In  Fig.  3,  the  overall  averages  of  the  two-phase- 
flow  heat  transfer  coefficients  from  run  6 arc  com- 
pared with  the  following  C haddock  Bruncmann  cor- 


Numbers  beside  points  and  curves  are  Bo  x 104 
values  in  (.'haddock  Brunemann  equation 


Fig.  3 Comparison  of  measured  heat  transfer  coefficients 
and  Chaddock-llrunemann  correlation. 


relation  lor  two  values  of  the  boiling  number  chosen 
to  bracket  most  of  the  data: 


A,  = 1.91  h,  (Ho  X 10'  + 1A  \„ -•  ■')""  (1) 
where 

A,  is  the  two  phase  heat  transfer  coefficient, 


A,  is  computed  by  the  Dittus  Boelter  correlation 
(Fig.  2), 


/>n  is  the  boiling  number  (heat  flux  divides)  by 
weight  flow  rate  multiples!  by  latent  heat),  and 

X,,  is  the  Martinelli  parameter 
The  Martinelli  parameter  is  defined  by 
1 / .•  \o.»/„.  \o..s 


C2) 


where 

v is  the  mass  quality. 


I” 


and 


Pr 


lively,  ami 


arc  ilensities  of  liquid  and  gas,  respci 


fh  ansi  fi„  are  viscosities  of  liquid  and  gas.  respec- 
tively. 

The  experimental  points  are  in  good  agrement  with 
these  correlation  curves.  Therefore,  it  is  concluded 
that  the  Dittus  Boelter  ami  ( 'haddock  Bruncmann  cor- 
relations sail  be  uses!  m further  analysis  ami  design 
work  for  predicting  heat  transfer  coefficients  of  am- 
monia flowing  inside  tubes  of  diameters  up  to  3 in. 
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COMPOSITE  FLYWHEEL  DEVELOPMENT 


BACKGROUND 


improving  modern  flywheel  pei loimam e mrnugn  iiu 
use  of  .1  n\  i »lc*  range  ol  new  "supei  materials  such  as 
tihet »;Iass.  boron.  Kexlai  (trade  name  ot  PuPont  de 
Nemours  ( o . Wilmington.  Pelawau).  ami  steel 
wire 

The  new  materials,  having  a strength  to  weight 
rat  it'  many  times  that  ot  hulk  steel,  thcvtetn  all\  ate 
capable  ot  being  made  into  Supei  flywheels  that  can 
outpertorm  steel  flywheels  However.  toi  optimal  ie 
suits  these  l\ pu  alh  tilamentaix  materials  must  he  used 
m pure  tension  Al’l  has  experimented  with  Supei 
flywheel  configurations  with  this  objective  in  mind 
In  March  l*>*o.  the  National  Science  Inundation 
awarded  a grant  ot  $ IN*), 000  toi  evaluation  ot  two 
of  the  more  promising  concepts 
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APPLICATION  OF  ENERGY  CONSERVATION 
IN  BUILDING  8 


In  (In'  full  of  1075.  Af’l  comp/pfpif  .utif  accufuerl 
.1  now  Office  fuoility  (ftml.fiiiK  dl  comprisiiic  M.»  000 
^ioss  sqi Mie  foot  ffiis  fom  sfoiy  building  (fiR  I'  does 
not  contain  .t  conventional  beating  syslom  of  any  ty/ie 
It  uses  no  fossil  fuof,  no  solai  heat,  and  lias  an  elt'i 
tucal  resistance  beating  system  only  toi  backu/'  use 
in  case  of  failure  ot  the  system  ifesi  iiheit  below 
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Fig.  1 Building  8. 


Building  8 to  help  conserve  energy.  The  mechanical 
consultant  indicated  that  if  this  approach  were  used, 
there  might  be  enough  surplus  heat  from  lights  and 
people  during  the  building’s  occupied  period  to  make 
up  for  heat  losses  during  the  night  when  the  lights 
are  out  and  when  heating  and  cooling  systems  are 
inoperative.  Because  of  the  energy  crisis,  all  APL  heat- 
ing and  cooling  systems  were  already  being  shut  down 
during  nights  and  weekends.  Further  discussions  led 
to  an  agreement  to  explore  the  possibility  of  elimi- 
nating a conventional  heating  plant.  A heat-balance 
analysis  indicated  that  the  concept  was  valid  even  in 
the  coldest  weather.  The  system  that  was  subsequently 
designed  and  installed  has  been  operating  continu- 
ously ever  since,  with  excellent  results. 

DISCUSSION 

During  the  building’s  occupied  cycle,  the  heat  out- 
put from  the  fluorescent  lighting  (approximately  3 
W/ft2)  was  more  than  enough  to  heat  the  building. 
Instead  of  additional  cold  air  being  introduced  when 
a building  overheats  as  is  done  with  conventional  sys- 
tems (usually  called  a free  cooling  or  economizer 
cycle),  fresh  air  is  held  to  the  minimum  ventilation 
requirements,  and  the  conventional  air-conditioning 
system  is  operated  to  keep  the  building  from  over- 
heating. The  condenser  water  from  the  refrigeration 
machines  is  circulated  through  underground  storage 
tanks  (approximately  25  000  gallons  capacity)  until 
its  temperature  reaches  95°F.  If  the  building  con- 
tinues to  overheat,  the  system  enters  the  conventional 
economizer  cycle  mode  and  more  fresh  air  is  intro- 
duced for  cooling.  At  the  end  of  the  work  day,  all 
systems  are  turned  off  and  the  building  temperature 
drops  during  the  night. 

Early  the  next  morning,  exactly  when  depending 
on  how  cold  it  has  been,  the  system  comes  back  on 
with  the  ventilation  off  until  the  people  arrive.  In  this 
mode,  called  the  warm-up  cycle,  the  refrigeration  is 
in  reverse  operation  and  is  chilling  the  water  in  the 
storage  tanks.  The  heat  removed  from  the  tank  water 


is  added  to  heat  generated  by  the  compressor  and 
leaves  the  condenser  in  the  form  of  105°F  water  that 
is  circulated  through  oversized  heating  coils  in  the  air 
duct  system.  The  heat  lost  during  the  night  therefore 
is  replaced  by  that  saved  during  the  previous  day. 
hater,  when  the  building  begins  to  overheat,  the  heat 
storage  cycle  comes  on  and  the  sequence  is  repeated. 

The  system  works.  The  cost  of  Building  8 was  vir- 
tually unchanged  by  the  installation  of  this  system 
since  the  additional  cost  of  the  energy  system  was 
offset  by  the  omission  of  boilers,  a chimney,  and  fuel 
tanks.  During  the  reporting  period,  electrical  energy 
consumption  per  unit  area  in  Building  8 was  ap- 
proximately 459f  lower  than  in  the  rest  of  the  API. 
buildings.  This  saving  is  in  addition  to  the  complete 
elimination  of  fossil  fuel  for  heating. 

A bonus  to  energy  savings  was  realized  when  un- 
anticipated computers  were  installed  after  the  building 
was  completed.  The  heat  from  the  computer  air- 
conditioning  condenser  water  is  also  stored  in  the 
tanks.  This  extra  heat  shortens  the  time  that  the  heat 
storage  cycle  must  be  run  and  thus  saves  electrical 
transfer  energy'.  When  the  computers  are  run  at  night 
and  the  storage  tanks  are  heated  to  95  °F,  the  heating 
system  is  cycled  to  keep  the  building  from  cooling 
as  much  as  it  otherwise  would,  thus  shortening  the 
morning  warm-up  cycle.  The  oversized  water-to-air 
heating  coils  make  it  possible  to  use  the  computer  heat 
output.  If  another  system  were  to  be  built  in  the 
future,  the  coils  would  be  made  even  larger  in  order 
to  further  shorten  the  time  it  takes  to  warm  the  build- 
ing in  the  morning,  thus  saving  additional  electrical 
transfer  energy. 

The  arrangement  of  the  automatic  valves,  dampers, 
and  piping  in  Building  8 that  circulate  the  water  and 
air  in  different  modes  for  the  six  cycles  is  considered 
to  be  too  complex  to  be  maintained  by  average  com- 
mercial office  building  operating  engineers  without 
special  training.  The  reason  for  this  is  that  the  reverse- 
cycle  winter  feature,  together  with  the  normal  summer 
mode  of  operation,  results  in  an  extremely  complex 
system  of  piping  and  automatic  control  mechanisms. 

There  is  a warm-up  cycle,  a heat-recovery  cycle,  an 
economizer  cycle  with  refrigeration  off.  an  economizer 
cycle  with  refrigeration  on.  a minimum-ventilation 
summer  cooling  cycle,  and  an  add-on  night  qcle 
for  saving  surplus  computer  heat.  However,  this  diffi- 
culty can  probably  be  overcome  in  future  applications 
through  engineering  simplifications  and  the  increased 
use  of  automation, 

Author:  A.  C.  Stueki 
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The  use  of  computers  at  API.  began  in  19-18  with  the  acquisition  of  a 
Reeves  Instrument  Company  REAC  (Reeves  Electronic  Analog  Computer). 
Subsequently,  APL  pioneered  in  the  application  of  analog  computers  for  both 
simulation  of  guided  missile  systems  and  as  components  in  missile  guidance 
and  fire  control  subsytems. 

In  1916,  APL  entered  the  field  of  digital  computing  with  the  acquisition 
of  an  IBM  610  computer.  The  need  lor  a general-purpose  digital  computa- 
tion center  was  soon  recognized,  and  by  1917  a UNIVAC  11 03 A digital 
computer  was  acquired.  This  computer  was  sequentially  replaced  by  the  more 
powerful  IBM  7090,  the  IBM  7094,  and  the  IBM  360  '91.  Recently  an  IBM 
.370/118  has  been  added  to  work  in  concert  with  the  360  91.  The  main 
memory  for  this  combination  currently  totals  7 million  bytes  and  is  supple- 
mented by  auxiliary  on-line  storage  of  8.2  billion  bytes. 

The  large  general-purpose  computer  has  been  the  only  type  of  computer 
that  can  handle  a load  encompassing  a wide  variety  of  tasks  of  an  unpre- 
dictable nature,  especially  tasks  requiring  large  amounts  of  memory,  but 
there  is  an  increasing  demand  for  small  "minicomputers”  to  meet  long- 
term specialized  needs,  in  which  portability,  a guaranteed  time  response, 
simplicity  of  management,  or  the  ability  to  embed  in  other  equipment  is 
paramount. 

In  the  1970's,  a further  trend  developed  as  a result  of  the  cost  and  size 
breakthrough  of  microcomputers.  The  radical  price-to-performance  reduc- 
tions achieved  by  the  microcomputers,  along  with  substantial  reductions  of 
the  same  nature  for  certain  types  of  peripheral  devices,  has  demonstrated 
that  a mix  of  maxi-,  mini-,  and  microcomputers  is  the  most  cost-effective 
way  to  provide  support  to  the  Laboratory.  Any  type  of  computational  problem 
can  now  be  matched  to  the  computer  more  efficiently  than  in  the  past  when 
only  large  control  computers  were  available.  Articles  in  this  section  describe 
two  such  new  facilities. 
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Oespite  tlu  rapid  development  of  powerful  digital  computers,  analog 
computers  have  uintnuiul  .in  esscnti.il  support  t* k *|s  Their  value  has  lu-en 
wreath  enhanced  In  integration  with  digital  computers,  thus  providing 
hybrid  com  put  mi;  systems  A kc\  advantage  ot  hyhrnl  systems  is  the 
capability  to  simulate  accurately,  and  relatively  inexpensively,  very  large 
physical  systems  composed  of  both  discrete  and  continuous  prc*c esses  As  a 
result,  AIM  now  ope  rates  two  hybrid  computer  laboratories,  and  stand  alone 
analog  computers  have  been  essentially  replaced 

A i»reat  advantage  that  analog  computers  have1  had  over  digital  computers 
is  the  easy  paralleling  ot  the  analog  components  and  their  much  greater 
speeds  The  possibility  now  ot  hilly  integrating  linear  circuits  with  digital, 
and  paralleling  digital  with  digital  and  digital  with  linear,  opens  the  door 
to  computer  systems  much  more  powerful  m computation  speed  cv  npared 
to  the  present  capabilities  ot  digital  and  hybrid  I hese  systems  may  be  easily 
and  inexpensively  configured  in  such  a wide  variety  ot  forms  that,  not  only 
will  tlu  differentiation  among  various  toims  ot  digital  computers  blur,  but 
tlu  differentiation  among  analog,  hybrid,  and  digital  will  essentially  disappear 

I he  papers  in  this  section  are-  a limited  selection  ot  computer  related 
accomplishments  Several  other  projects,  however,  rcxjuire  mention  the  use* 
ot  a mie rocompute-r  tc»  collect  and  tc*rmat  data  and  automate  tlu  associated 
tape  recorder  tor  virtually  unattended  shipboard  operation,  a michxomputer 
space  probe  experiment  checkout  unit;  a mu  rocompute r based  satellite  under 
an  altimeter  data  analv/er  and  telemetry  command  system;  a modularized 
general  purpose  microcomputer  system  to  standan/e  a wide  variety  of  mstru 
mentation  tor  tield  use . a microcomputer  as  an  on  line  diagnostic  tool  for 
a navigation  system;  a data  conversion  microcomputer  tor  a scientific  surveil- 
lance aircraft,  and  a group  of  I.'  microcomputers  controlled  by  a microcom- 
puter to  provide  a realistic  hardware  configuration  tor  the  SATRAC  data 
collection  system 


A SOFTWARE  DEVELOPMENT  AND  R&D  FACILITY 
FOR  MINI-  AND  MICROCOMPUTERS 


A Computer-Aided  Programming  (CAP)  facility  has 
been  developed  at  APL  to  aid  the  development  of  soft 
ware  for  a variety  of  mini-  and  microcomputers  and  to 
construct  or  evaluate  advanced  software  development 
tools.  The  facility  supports  these  functions  in  three 
different  modes  of  operation  Hosted  tools  reside  at 
the  facility,  remote  tools  may  be  accessed  via  the 
facility,  and  mini  and  microcomputers  with  self  hosted 
tools  may  use  the  components  of  the  facility  as  their 
own  sophisticated  set  of  peripherals. 

Advanced  tools  have  been  developed  to  access  re 
mote  time  sharing  hosts,  to  provide  graphic  represen- 
tations, to  assist  in  editing  textual  data,  and  to  provide 
a common  application-oriented  software  debugging  ca- 
pability for  different  computers.  Users  access  the  fa- 
cility through  work  stations  comprising  high-speed 
graphics  terminals,  hard  copy  devices,  and  dual-drive 
floppy  disk  systems  The  facility  aids  in  traditional 
software  development  and  in  the  research  and  devel 
opment  of  new  tools. 


BACKGROUND 

The  proliferation  of  mini-  and  microcomputers  at 
API.  has  aroused  interest  in  having  a common  tacility 
to  support  the  development  of  software  lor  many 
types  of  computers.  In  addition,  API.  is  assisting  DoO 
in  the  construction  and  evaluation  of  new  software 
development  tools.  The  CAP  facility  at  API  (Kefs.  1 
and  2)  provides  a flexible  means  to  support  the  de- 
velopment of  many  target  mini  and  microcomputers 
and  to  construct  and  evaluate  advanced  software  de- 
velopment tools. 


DISCUSSION 

An  essential  part  of  the  concept  is  the  provision  for 
access  to  support  items  that  are  not  physically  located 
at  the  CAP  facility.  Figure  I is  an  overview  of  the 
facility.  The  support  items  (called  tools')  are  depicted 
as  either  hosted  in  the  facility,  self  hosted  on  the 
target  computer,  or  hosted  in  a different  facility  The 
result  is  that  the  facility  acts  as  a common  interface 
for  the  user.  He  sets  a multitude  of  possible  ways  to 
accomplish  his  development.  In  some  cases,  the  facility 
acts  as  the  peripherals  that  may  not  exist  on  his  own 
computer.  In  other  vases,  he  can  reduce  the  load  on 
his  ow  n computer  or  reduce  the  cost  of  using  a sophis 
t leafed  large  batch  or  time  sharing  system.  He  accesses 
the  common  interface  through  a work  station  that  con 
tains  a high  speed  graphics  terminal,  an  associated 
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Fig.  t Overview  of  the  CAP  futility. 

hard-copy  device,  and  a dual  drive  floppy  disk  system 
Thus,  he  can  record  a terminal  work  session  and  also 
has  a very  convenient  portable  medium  for  data  stor 
age.  He  can  therefore  view  the  facility  as  a means  ol 
having  one  common  way  of  developing  soltware  for 
several  Computers,  with  immediately  available  lov.il 
support. 

The  support  ol  software  development  encompasses 
the  more  or  less  traditional  areas  of  computer  pro 
gr.unming  but  may  in  some  cases  be  accomplished  in 
a iuvntradition.il  manner.  The  t.uilitv  provides  tor 
multiuser  editing  and  storage  of  program  sources,  list- 
ings. and  object  code  (as  is  inherent  in  most  multiuser 
operating  systems')  This  capability  is  currently  being 
used  to  replace  tedious,  time  consuming  keypumh  and 
card  to-tape  functions  that  are  inherent  in  many  mini 
mally  configured  target  computers 

Software  has  been  developed  in  the  CAP  facility  to 
exchange  data  sets  between  the  various  military  torn 
puters  at  API..  Since  many  military  computers  have 
a minimum  til  peripheral  devices,  software  develop 
ment  may  be  enhanced  by  granting  the  users  the  more 
extensive  resources  of  the  facility,  such  as  disk  stor 
age,  magnetic  tape  and  line  printer  devices,  cross- 
assemblers,  and  cross  compilers 

To  .till  in  editing  and  storing  text  (eg  . source 
code),  an  HIM  Select ric  magnetic  card  typewriter  is 
linked  to  the  facility  Software  developed  at  the  t AP 
facility  can  transfer  data  vets  between  the  magnetic 
cards  and  any  peripheral  at  the  facility,  thus  providing 
all  the  power  ot  sophisticated  editors  and  high  speed 
graphics  terminals 
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I he  capability  to  assemble  or  compile  the  target 
computer  s source  code  is  provided  by  any  of  the  three 
hosting  mechanisms  (lug  1 ) When  the  assembler  or 
compiler  operates  only  in  a sell  hosted  configuration, 
the  ( AP  facility  acts  as  the  peripherals  In  many  ap- 
plications, this  approach  is  less  costly  and  less  time- 
consuming  than  purchasing  the  necessary  peripherals 
When  a cross-assembler  or  cross  compiler  already  ex 
ists  at  another  facility,  the  ( AP  facility  can  act  as  a 
submittal  station  (remote  facility  hosting').  If  pre 
terred,  the  cross  assembler  or  cross-compiler  can  be 
installed  or  developed  in  the  CAP  facility  Cross- 
assemblers  have  been  implemented  this  way  for  the 
Intel  SOSO  and  the  Motorola  6800  microprocessors 

Frequently  the  need  arises  to  develop  an  adv  anced 
tool,  or  an  advanced  tool  must  be  evaluated  T hese 
nontradition.il  tools  must  be  distinguished  from  the 
traditional  tools  mentioned  previously 

A graphics  editor  that  can  be  used  easily  by  scien- 
tists, engineers,  and  secretaries  allows  text  editing  in 
context  Instead  of  constructing  commands  that  search 
tor  an  existing  character  string  and  change  it  to  a 
new  string,  the  user  points  with  a crosshair  cursor 
and  types  the  correction.  This  can  be  done  while  the 
complete  text  is  displayed  on  the  lace  of  a < RT,  as 
shown  in  Fig.  2. 
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Fig.  2 Graphics  editing  on  CRT. 

Another  graphics  package  allows  pictorial  represen- 
tations to  be  created  at  a <ri  and  maintained  in  the 
facility  Again,  crosshairs  are  used  to  locate  specific 
positions,  and  special  control  commands  are  used  for 
the  generation  of  a wide  variety  of  graphic  constructs, 
such  as  rectangles  and  circles,  at  any  particular  loca- 
tion on  the  C RT.  The  graphic  constructs  can  be  anno- 


tated with  independently  positioned  textual  descrip- 
tions to  complete  the  presentation 


To  assist  in  the  evaluation  of  existing  tools,  a soft- 
ware communications  package  has  been  developed  that 
allows  the  CAP  facility  to  act  as  a terminal  to  remote- 
computer  timesharing  systems,  including  the  API 
central  computer  facility  This  software  tool  has  con- 
siderable potential  as  it  not  only  allows  users  to  access 
software  tools  on  remote  computers  but  also  provides 
access  to  all  the  peripherals  at  the  CAP  facility 

API  acts  to  some  degree  as  an  evaluation  center 
for  new  sottware  development  tools  on  remote  com- 
puters The  communications  package  has  interacted 
with  many  different  computers  including  those  on  the 
DARPA  network.  It  allows  the  user  to  transmit  tiles 
from  any  CAP  peripheral  to  a remote  computer  as  far 
away  as  Hawaii  or  Fngland  as  it  he  were  typing  the 
information  in  manually,  but  of  course  at  a much 
higher  transmission  rate 

A technique  also  in  the  area  of  advanced  tools  al- 
lows one  debugging  .lid  to  support  different  types  of 
target  computers  in  their  application  environments 
1 he  standard  tool  lor  the  ( AP  facility  computers  was 
modified  to  perform  such  (urn (ions  as  inspecting  and 
changing  the  core  memory,  setting  break  points,  and 
executing  single  instructions  in  a target  computer 
(eg,  NOVA  12001  via  a communications  interface 
Thus,  the  tool  itself  runs  on  the  C AP  facility  and 
communicates  with  a small  interface  program  in  the 
target  computer. 

The  CAP  facility  (Fig.  3)  consists  of  two  mini- 
computer based  systems:  the  Basic  Support  System  and 
the  Research  and  Development  System.  The  Basic- 
Support  System  is  used  to  execute  the  tools  previously 
described,  whereas  the  Research  and  Development  Sys 
tern  is  used  to  develop  new  tools  that  enhance  the 
capabilities  of  the  Basic  Support  System.  Thus,  exist- 
ing tools  can  be  run  on  the  Basic  Support  System 
while  complex  advanced  peripherals  and  tools  are 
being  installed,  on  a noninterfering  basis,  on  the  Re 
search  and  Development  System.  This  approach  has 
been  found  to  be  necessary  since,  during  deve  lopment, 
many  of  the  advanced  tools  require  operation  in  a 
priority  state  that  would  otherwise  interfere  with  the 
support  function. 


Flic  principal  components  of  the  Basic  Support  Sys- 
tem are  a Digital  Fquipmcnt  Corporation  (DFO 
PDF  11  D minicomputer  with  80  000  16  bit  words 
of  core  memory,  a *11  million  16  bit  word  remov- 
able disk  drive,  and  a broad  range  of  peripheral  de- 
vices including  a high  speed  line  printer,  seven-  and 
nine-track  magnetic  tape  drives,  i.ird  and  paper-tape 
readers,  and  four  work  stations 
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Fig.  .3  Configuration  of  CAP  facility. 

A work  station  consists  of  a Tektronix  4014 
Graphic  Display  Terminal,  generally  operational  at 
9 600  hits  per  second,  a hard-copy  device  that  makes 
facsimile  copies  of  the  Tektronix  screen,  and  a dual- 
drive floppy  disk  system.  The  use  of  floppy  disks 
instead  of  more  typical  on-line  disks  is  important 
because  the  user  retains  (as  with  cards')  physical  con- 
trol of  his  source  data.  In  addition,  synchronous  and 
asynchronous  interfaces  and  modems  are  available  tor 
dial-up  access  to  the  facility. 

The  Research  and  Development  System  consists  of  a 
DEC  PDP  11  to  minicomputer  with  64  000  16  hit 
words  of  core  memory  and  two  1.2S  million  16-  hit- 
word  removable  disk  drives.  The  system  is  connected 
to  the  Basic  Support  System  through  a DE(  Unibus 
link  This  linkage  and  a Unibus  link-handler  software 
package  allow  the  Research  and  Development  System 
to  access  the  Basic  Support  System  and  its  peripherals, 
thus  creating  a shared  peripheral  environment.  A bus 
switch  provides  convenient  backup  switching  of  Basic 
Support  System  peripherals  to  the  Research  and  De- 
velopment System  in  the  event  of  a problem  with  the 
latter. 

A multiprogramming  real  time  operating  system 
(RSX  I ID)  executes  asynchronously  on  both  the  Ba- 
sic Support  System  and  the  Research  and  Development 


System  Both  operating  systems  contain  such  capabili- 
ties as  reentrant  system  programs  and  libraries  and 
line  printer  spooling,  which  help  create  a multiuser 
environment.  A bus  link  handler,  developed  at  the 
( AP  facility,  has  been  implemented  on  both  systems 
so  that  they  can  access  the  shared  peripherals  (Ret  IV 
The  software  executes  as  a normal  input  output  han- 
dler under  the  operating  systems.  Not  only  are  all 
peripherals  available  to  both  systems,  but  a new  tool 
is  easily  transferred  to  the  Basic  Support  System 
by  simply  rebuilding  it  to  the  core  resident  system 
routines. 

A ( AP  facility  librarian  plays  an  active  and  inte- 
gral role  by  providing  software  development  assistance 
to  users  of  the  facility  and  by  ensuring  its  proper 
operation.  Typical  librarian  functions  include  orient- 
ing new  users  to  the  facility,  assisting  in  initiation  ot 
actual  software  development,  and  helping  to  maintain 
hardware,  software,  and  documentation. 

Some  additional  software  components  not  devel- 
oped at  the  facility  include  a sophisticated  Tektronix 
graphics  package,  a Fortran  preprocessor  that  allow  s 
programs  to  be  written  using  structured  programming 
constructs,  and  an  R|E  2'S0  emulator  package  that 
provides  access  to  the  IBM  360  91  batch-processing 
system.  Extensive  word  processing  software  is  also 
available.  A powerful  editor,  TEC  O,  was  adapted 
from  the  PDP  10  computer,  and  runoff  is  a pro- 
gram to  facilitate  the  preparation  of  typed  or  printed 
manuscripts  such  as  memos  and  manuals. 

An  LSI  1 1 microprocessor  is  in  use  at  the  CAP 
facility.  Experiments  are  being  performed  to  evaluate 
the  possibility  of  off-loading  some  of  the  larger  or 
more  time-consuming  tasks,  such  as  graphics  transla- 
tion and  remote  host  communication,  onto  the  LSI  1 1 
This  microprocessor  is  also  treated  as  a target  com- 
puter for  the  purpose  ot  software  development. 
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IN-HOUSE  FACILITIES  IN  SUPPORT  OF 
MICROPROCESSOR-BASED  SYSTEM 
DEVELOPMENT 


Many  hardware  designers  have  been  reluctant  to 
use  microprocessors  in  their  systems  because  of  the 
high  cost  of  the  hardware  and  software  required  tor 
efficient  system  development  As  a result,  a program 
was  undertaken  by  API 's  F T.  McClure  Computing 
Center  to  provide  in  house  facilities  that  enable  de- 
signers to  develop  microprocessor-based  systems  ef- 
fectively without  a large  initial  expenditure.  They  also 
have  complete  freedom  to  choose  the  most  suitable 
microprocessor  tor  each  application. 


BACKGROUND 

Major  changes  have  taken  place  in  hardware  system 
design  due  to  the  advent  of  microprocessors.  Injure  1 
shows  the  principal  stages  ot  development  ot'  a micro- 
processor (used  system  In  the  partitioning  phase,  the 
designer  makes  tradeoffs  to  determine  which  t unctions 
will  he  performed  in  hardware  and  which  m software 
The  hardware  and  software  designs  then  proceed  in 
parallel  At  some  point,  the  hardware  and  software 
subsystems  must  be  integrated  into  a working  unit. 


tors  to  help  uikonci  logical  errors  and  to  expedite 
software  development  before  the  hardware  is  oper 
atmg,  and  an  efficient  means  ot  loading  programs  into 
microprocessor  memory  and  ot  programming  pro 
grammable  readonly  memories  ( prom's) 

To  get  such  design  aids,  the  designer  typically  had 
to  purchase  a so-called  "development  system'  from 
the  mic roprocessor  manufacturers  In  addition  to 
then  high  initial  cost,  most  development  systems  have 
tile  disadvantage  that  they  can  he  used  only  with  the 
mu  roprovessors  of  a limited  numlvr  ot  manutactur 
ers  furthermore.  the  recjuirement  that  the  equipment 
he  in  c U'sc  proximity  to  the  system  under  develop 
ment  limits  the  use  ot  a development  system  to  one 
user  at  a time  These  problems  often  made  it  difficult 
tv>  ) list i tv  the  purchase  v*t  a decelopment  system  As 
a result,  many  designers  were  reluctant  tv'  use  micro- 
processors in  tln  ir  systems  or  rese'rtcd  to  time  consum- 
ing and  error  prone  hand  coding  and  debugging  tech- 
niques. 


F ig.  I Major  phases  of  m i c roproccs.so r- ba sed  system  de- 
velopment. Note  that  the  software  development  should 
not  depend  on  the  hardware  being  operational. 


As  a result  e't  these  changes,  the  design,  develop- 
ment. and  testing  ot  microprocessor-based  systems 
require  tools  different  from  those  traditionally  used 
tv*  develop  hardwired  systems  In  particular,  efficient 
software  development  requires  the  use  ot  assemblers 
to  translate  programs  into  machine  language.  Simula- 


DISCUSSION 

The  present  effort  was  undertaken  to  provide  the 
API  staff  with  the  tools  necessary  tv*  develop  software 
efficiently  for  all  of  the  more  common  microproces- 
sors. figure  2 is  an  overview  ot  the  microprocessor 
development  facilities  implemented  at  the  Computing 
C enter. 

( Ki'ss  Asst  Miu  ik  Pack  veil  One  of  the  first  and 
most  important  tools  required  tor  efficient  software 
development  is  an  assembler.  It  is  a computer  pro 
gram  that  translates  software  tor  a particular  pro 
eissor  from  a form  that  is  easier  tor  people  to  write 
and  tv*  understand  (assembly  language)  to  the  form 
that  the  processor  van  execute  ( machine  language) 
A microprocessor  c ross  assembler  is  an  assembler 
that  is  run  on  a larger  computer  system,  such  as  a 
minicomputer  or  a large  tune  sharing  system,  rather 
than  on  the  microprocessor  itself 

The  first  component  c't  our  in-house  development 
facilities  is  a cross  assembler  package  that  mils  under 
the  APl.SV  timesharing  system  of  the  Computing 
Center  The  package  consists  c't  a set  c't  cross- as sem 
biers  for  a number  c't  popular  microprocessors,  as 
shown  in  Table  1 The  assemblers  have  a common 
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I oc.it t\  1 in  eisei  s lat'oratoi  y 
or  in  the1  field 

tie;  » 0\  t fv  IC"  ot  in-house  microproe'esseer  development  facilities  ot  the 

I 1 McClure  Computing  Center. 


framework.  with  .1  lew  processor  specific  tables  .uni 
subroutines  to  tailor  the  basic  assembler  to  each  ot 
the  sup|x>rfcd  mu  roproe  i ssors.  With  this  approach, 
we  can  ,nhl  an  assembler  tor  a new  microprocessor  in 
a vers  short  tune,  generally  less  than  one  man  week. 
Therefore,  we  .lo  not  restrict  designers  in  their  choice 
ot  microprocessors  Also,  the  uniform  assembler  syn- 
tax and  commands  mean  a shortened  learning  time 
associated  with  different  microprocessors 

TABLE  I 

MICROPROCESSORS  Cl'RREMlV  Sl'PPOKTEO 
HV  II 1 1 AIM  CROSS  ASSEMBl  ER  PACK.At.iE 


Muroprtxcssor 

Manufacturers 

6800 

Motorola,  AMI 

SOSO 

Intel.  IVx.ts  Instruments 

MOS  Vechnoloip 

WOO  (\t>  bit  > 

lex  .is  Instruments 

fs 

F.iirvhiKI.  Mostek 

VMM  (HI 

Intersil 

VM  1 (lo  Hit) 

National  Semuoculiutor 

The  interactive  nature  ot  the  API  SY  system  enables 
the  user  to  get  his  results  almost  immediately  at  the 
terminal  without  the  turnaround  time  normally  asso 
dated  with  large  hatch  computer  systems  A tile 
system  on  highspeed  disk  storage  allows  permanent 
storage  ol  source  ( assembly  language  1 and  obiect 


(machine  language-)  programs  Virtually  unlimited 
space  is  available  tor  program  storage  A powerful 
edite'r  facilitates  the  creation  and  editing  ot  source 
programs 

Si  Ml'  l Mi'K  I’seKM.i  The  second  mator  part  ot 
the  t'acihtv  is  a simulator  package  that  currently  in 
dudes  support  tor  the  two  most  pe’pular  mu  ropro 
cessors,  the  SOSO  and  the  PSOO  I’loeessor  operation 
is  simulated  at  the  instruction  cute  level  I sternal 
input  c 'lit put  devices  can  be  simulated  to  any  desired 
degree  of  detail  using  the  powerful  AIM  t d /’rogiam 
ming  Language-)  language  The  simulators  alK<w 
designers  tc>  develc'p,  test,  and  dusk  prc'grams  Ix-fore 
the  hardware  is  operating  Accurate  program  timings 
are  generated  to  aid  the  designer  in  making  the  nes 
essary  hardware  software  tiadivffs  carls 

The  simulati'rs  are  a valuable  aid  tor  understanding 
the  internal  operation  ot  a microprocessor  1 he  state' 
ol  all  registers  and  condition  flags  can  be  traced 
dynamically  as  the  simulation  proceeds  l his  can  be 
especially  helpful  to  engineers  who  are  unfamiliar 
with  software  concepts  1'he  simulators  can  also  be 
used  as  a software  bre adK'arcling  t.nihtv  Instnie 
tiou  sc'ciuc'iie i's  and  subrexitines  can  be  testexl  very 
c|U ic k Iv  and  easily  bete'rc  they  are  integrated  elite'  the 
final  software  subsy  stem  ( lies  king  out  sottware  alge' 
rithms  is  simple  and  str.iighttorw.ird  using  the  oxten 
sivy  trace  and  break|x'int  facilities 


( OMMI  NK  ATION  Will!  Till  ( INlRAl  l'.At  II  11  II  S 
A microprocessor  program  must  evcntuallv  result*  in 
the  microprocessor  memory  before  it  can  he  testes! 
m the  actual  system  environment  Ouring  earl\  devel 
opment  and  checkout.  programs  are  ot  ten  loaded  into 
random  aitess  read  write  memory  (ram)  tor  testing 
Oata  are  usualh  entered  manually  with  a keypad  i>r 
tront  panel,  whuh  is  \er\  tedious  and  tune  ainsuni 
mg,  or  via  paper  tape,  which  is  cumbersome  at  best 
When  a system  is  somewhat  stable,  the  programs  are 
normally  stored  m I'Rom  In  means  ot  a devne  called 
a prom  programmer  Again,  data  are  usually  entered 
In  a means  ot  a keypad  or  a paper  tape  reader 

To  simplify  the  transfer  of  programs  to  ram  or 
to  a prom  programmer,  a simple  communicating  line 
switching  technujue  was  devised.  Program  loading 
and  prom  programming  are  performed  directly  from 
the  time  sharing  system.  Thus,  the  designer  can  com 
pose  and  assemble  his  programs  with  the  cross  assem- 
bler package  and  then  immediately  load  the  micro 
processor  r\m  or  program  a prom  by  merely  entering 
tin  appropriate  commands  at  his  terminal  and  flipping 
a switch  The  only  hardware  requirements  are  a sim- 
ple switchbox  and  a standard  RS  -M.’  serial  interface 
in  the  microprocessor  system  or  prom  programmer 
A software  loader  monitor  for  the  mic roproecssor 
can  lx*  written  easily  or  can  be  obtained  in  ROM  from 
most  microprocessor  manufacturers  The  Computing 
C enter  supplies  the  necessary  software  in  the  central 
time  sharing  sy  stem 


A GRAPHICAL  INTERACTIVE 
COMPUTER  ROOM  PLANNER 


The  Computer  Layout  Installation  Planner  (CUP)  is 
an  interactive  graphics  program  for  arranging  a com 
puter  machine  room  (Fig  1).  Written  in  PL/I  language 
for  the  Tektronix  4015  Storage  Tube  Graphics  Termi 
nal.  it  allows  up  to  99  component  units  to  be  maneu 
vered  into  position  by  typing  in  commands  and  mdi 
eating  positions  with  a crosshair  cursor  Each  unit  has 
a label,  a cable  port  opening  marker,  and  a symbol  to 
indicate  its  front  side  The  final  layout  is  plotted  on  a 
CalComp  925/1036  30-m.  wide  plotter,  using  preruled 
grid  paper  (one  square  per  floor  tile)  to  serve  as  a 
placement  chart  for  the  installers. 


This  technique  has  been  used  successfully  with 
mic rtxom puter  kits,  several  types  of  PROM  program- 
mers. vendor  development  systems,  and  various  user 
prototypes  The  initial  cost  is  quite  small,  and  no 
maintenance  is  required  since  the  switchbox  is  passive 
The  technique  can  be  used  in  the  laboratory*  with 
hardwired  communication  lines  or  in  the  field  with 
an  acoustic  coupler  or  modem  to  connect  to  the  central 
system  over  a telephone  line  Those  who  are  not 
using  the  cross  assemblers  may  still  use  this  technique 
to  store  and  retrieve  programs  and  data  in  central 
disk  tiles  This  can  eliminate  the  need  to  purchase 
slow  or  expensive  peripherals  such  as  paper  tape  units 
and  floppy  disk  systems  tor  program  storage 

I’m  r ( « *nm  i tation  One  of  the  most  important 
aspects  ot  the  in -house  facilities  is  the  availability  ot 
individual  consultation  at  no  cost  A user  can  be 
taken,  ste  p by  step,  all  the  way  through  the  develop 
ment  process  We  encourage  designers  to  request 
support  tor  new  microprocessors  when  the  need  arises 
or  to  suggest  improvements  in  the  existing  facilities 
i lose  interaction  with  a user  leads  to  quick  resolution 
of  problems  that  do  arise  Thus,  he  can  quickly  learn 
to  use  the  m house  facilities  most  effectively  for  his 
particular  application  and  environment. 

Author  t H Currant* 
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BACKGROUND 

A typical  commercial  computer  consists  of  many 
components  linked  together  by  a network  of  cables 
The  exact  placement  of  each  component  is  deter 
mined  by  many  constraints,  some  of  the  more  obvious 
being  maximum  cable  lengths,  operator  traffic  clear- 
ance. access  space  tor  maintenance,  wall  clearance, 
doorway  entrance  space,  and  areas  for  future  expan- 
sion Power  and  air  conditioning  requirements  are 
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easily  calculated  once  t’or  a proposed  configuration, 
but  the  placement  of  the  computer  components  is 
iterative  in  nature.  Many  plans  are  usually  considered 
before  an  acceptable  one  is  agreed  upon.  A mistake 
in  planning  the  computer  layout  can  prove  very  costly 
to  correct  after  the  installation  has  been  completed. 

The  planning  process  is  usually  approached  by 
placing  plastic  templates  of  the  machine  units  upon 
a piece  of  grid  paper.  This  technique  leaves  much  to 
be  desired:  the  templates  can  be  inadvertently  moved 
out  of  place,  the  diagonal  distances  between  units 
must  be  measured  with  a ruler,  and  the  onerous  task 
of  recording  the  final  placement  on  paper  must  lie 
done  manuallv  ( Am  changes  made  after  this  step 
arc  a nuisance  at  best  ) Dissatisfaction  with  the  old 
method  provided  the  motivation  for  writing  the  cur 
program  Since  the  planning  process  is  essentially 
two-dimensional  and  requires  a good  deal  of  list- 
keeping,  it  was  an  obvious  candidate  for  implementa- 
tion on  an  interaetive  computer  graphics  terminal. 


DISCUSSION 

Data  Manac.emfnt  Commands  An  on-line  Jati 
set  is  used  to  store  a particular  layout  It  can  be 
modified  by  means  of  the  Time  Sharing  Option 
(TSO)  Editor  if  further  processing  is  required. 

"FETCH’’  fetches  a layout  stored  on  a disk 
"STORE"  stores  the  current  layout  on  a disk. 

Layoff  Manipfi  ativf  Commands  The  function 
used  most  often  is  the  command  to  shift  a unit  from 
one  position  to  another.  The  target  location  is  indi- 
cated bv  moving  crosshair  cursors  on  a cathode  rav 
tube  (crt)  display.  An  alternative  technique  would 
be  to  type  in  the  exact  coordinates,  if  known,  but  this 
would  deny  the  freedom  of  a purely  graphical  opera- 
tion The  other  obvious  maneuvering  function  is  that 
of  rotating  a unit.  The  angle  of  rotation  is  arbitrarily 
fixed  at  -t-oo0,  since  most  machine  rooms  have  a rec- 
tangular aspect  and  all  units  are  parallel  to  the  walls 


"UNIT"  allows  .1  current  unit  to  be  selected 
MOYI  re|>ositions  tlu*  current  unit  K(  VI  A 11 
pivots  tlu*  uirrcnt  unit  In  *>()“  I NO"  li.ilts  the  pro 
gram  and  returns  control  to  I SO 

l nii  Information  ( ommanhs  lach  unit  is  rep 
resented  .is  .»  rc\  tangle  or  .1  duster  ot  ie  it.  mules  ulen 
titles!  by  .1  m.inut.u turer's  number  Other  markings 
include  .in  \ to  indicate  the  cable  poit  .it  tlu*  bottom 
of  the  unit  (needed  tor  iable  distance  tabulations), 
aiul  an  I to  indicate  the  trout  sule  ol  the  unit  The 
X.Y  coordinates  of  j unit  are  displayed  m I eel  ami 
iiu  lu  s f roin  the  origin 

Most  units  have  hinged  doors  or  extending  panels 
tailed  gates  tor  servue  atcess  This  clearance  area 
can  be  displaced  optionally  to  indicate  obstructions 
To  avoid  excessive  display  demands,  the  spaces  arc 
shown  as  ret  tangles  instead  ol  curved  arts  because 
of  the  number  of  line  .segments  involved  It  has  been 


proven  adequate  to  simply  indicate  vs  hull  sides  of 
the  units  have  doors  and  where  tire  maximum  point 
of  swing  falls  ( Fig.  ) 

A major  concern  for  computer  installers  is  the 
length  of  cable  runs  between  units.  The  maximum 
wiring  distance  is  often  determined  by  the  decimal 
e harae (eristic s ol  the*  signals  on  the  lines  I’he  longer 
the  lines,  the*  greater  the  tisk  of  transmission  error 
t he  cables  are  pro uf  info  st.uul.inl  lengths  and  priced 
accordingly,  so  it  is  most  economical  to  use  short 
cables  Fire  e up  program  will  find  the*  point  to  point 
distances  between  cable  ports  of  two  or  more  units 

"HOOKS"  indicates  tlu  door  clearance  around 
c.uh  unit  ( Abl  I S gives  the  cable  length  between 
two  01  more  units 

( Ira  pi  lie  a i Iniik.m  iiun  ( ommaniw  One  of  the 
pitman  benefits  of  mtei.utive  computer  graphics  is 


Iiu.  View  non  showing  door  c loiranc  c*< 
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the  ability  to  change  quickly  the  scale  or  area  of  the 
data  lx-1  ng  displayed  This  gives  complete  freedom  in 
choosing  a viewing  port 

A choice  of  10  different  scales  is  available  lor  the 
l in  grid  pattern  on  the  e RT.  The  current  scale  is 
displayed  in  feet  per  inch  At  2 It  in.,  e.uh  grid  line 
represents  one  square  tile  ot  raised  flooring.  This  is 
the  same  size  used  to  generate  the  preruled  [dot  paper 
that  serves  as  a guide  for  the  installers 


■ 


T i 


"S(  AIT"  selects  the  current  scale.  "GRID"  turns 
the  I in  grid  on  or  off.  "BIG"  resets  the  scale  to  10. 
the  viewpoint  origin  to  0,0  "WAITS"  causes  the 
wall  outline  to  appear  or  disappear.  "ORIGIN" 
shifts  the  viewpoint  origin 


Data  Storaoi  The  data  base  for  the  computer 
units  is  a 00  by  J.1  array  ot  16  bit  words  The  wall 
outline  is  stored  in  a separate  array  at  the  time  of 
compilation,  since  these  data  rarely  need  to  be 
i hanged  If  a new  room  is  being  considered,  the 
program  is  recompiled  with  a new  set  of  coordinates. 
The  storage  requirements  are  JO  000  bytes  ot  core 
memory  and  approximately  1 100  words  ol  disk  space. 


CONCLUSION 

The  i ill’  program  has  proven  to  be  extremely  use- 
ful, not  only  for  designing  an  original  layout  but 
also  for  modifying  an  existing  layout  It  was  run  lor 
almost  two  years  at  API.  on  an  HIM  I 1 10  JJM) 
Model  IV  computer  and  has  subsequently  been  re- 
written lor  the  Tektronix  101V  In  that  time,  the 
configuration  of  the  maul  computer  (an  IBM  160 
01)  has  been  steadily  upgraded  On  several  occasions 
when  new  equipment  was  to  be  installed  in  phases, 
a series  of  plots  was  generated  to  indicate  the  situa- 
tion clearly  and  precisely  at  each  stage  The  instal 
lation  proceeded  smoothly,  and  no  errors  were  en- 
countered. 


Author:  S.  /.  Anderson 
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REPLACEMENT  PROGRAM  STORAGE  ASSEMBLY 

FOR  THE  AN/AYN-1 

AIRBORNE  NAVIGATION  COMPUTER 


APL  has  successfully  completed  the  design  and  de 
velopment  of  a new  program  storage  assembly  tor  the 
AN/AYN-1  airborne  navigation  computer.  One  hundred 
and  ten  of  the  assemblies  are  being  fabricated  for  the 
U S.  Coast  Guard  with  the  expectation  that  their  intro- 
duction into  the  AYN-1  computer  systems  will  sub 
stantially  reduce  maintenance  costs. 


BACKGROUND 

During  the  past  decade,  the  ( oast  Guard  has 
equipped  many  of  its  helicopters  and  fixed  wing  air 
craft  with  the  AYN  I airborne  navigation  computer 
This  computer  operates  under  the  control  ol  a pro 
gram  comprising  I D 160  bits  of  information  for 
matted  as  an  array  of  |0‘>6  is  bit  words  In  the  origi- 


nal version  of  the  computer,  the  program  is  stored  in 
a core-rope,  read-only  memory  (rum)  assembly  en- 
closed in  a metallic  housing  (Pig.  1).  Hie  housing, 
about  s ui  square  and  6 in.  high,  plugs  into  a base 
plate  for  connection  tc  other  parts  ol  the  computer 

The  c ircuitry  of  the  core  rope  memory  is  mounted 
on  seven  printed  circuit  boards  While  it  has  many 
tl.it  pack  integrated  circuits  and  discrete  components, 
its  distinguishing  teat ures  arc  .'HO  toroidal  memory 
cores  distributed  over  five  of  the  printed  circuit 
boards  All  seven  boards  are  linked  by  a continuous 
"rope"  consisting  ol  V'l  fine  copper  wires  selectively 
routed  through  the  memory  cores  The  resulting  as 
sembly  can  perform  its  electrical  function  adequately 
but  is  mechanically  delicate  Plus  delicacy  has  Ixx'n 
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Fig.  1 AYN-1  computer  with  read-only  memory  assem- 
bly removed. 


I 

a contributing  factor  to  an  undesirably  high  failure 
rate  of  the  assemblies.  Moreover,  it  has  precluded 
their  being  serviced  at  avionics  depots.  The  resultant 
requirement  for  factory  maintenance  has  proven  to  be 
an  excessive  logistic  and  financial  burden  to  the  Coast 
Guard. 

The  attempt  to  find  relief  from  that  burden  led  to 
a search  for  a substitute  for  the  core-rope  memory 
assembly.  Several  years  ago,  the  search  focused  on  a 
new  device — a large-scale  integrated  circuit  capable 
of  performing  the  Rom  function.  The  Coast  Guard 
authorized  A PL  to  design,  develop,  and  produce  a 
replacement  memory  system  that  would  exploit  the 
characteristics  of  the  new  device. 


DISCUSSION 

The  MC8316A  Rom  integrated  circuit  was  chosen 
as  the  basis  for  the  design  because  its  16  384-bit 
storage  capacity  was  the  largest  then  being  commer- 
cially manufactured,  its  single  supply  voltage  and 
modest  power  requirement  were  compatible  with  the 
AYN-1  system,  and  its  manufacturer  was  prepared 
to  screen  and  process  the  device  in  accordance  with 
pertinent  military  specifications. 

The  specification  of  the  data  patterns  to  be  em- 
bodied in  these  devices  was  delayed  because  of  the 
initial  lack  of  a machine- readable  version  of  the 
AYN  1 program.  Such  a program  was  ultimately  ob- 
tained by  means  of  a specially  designed  and  assembled 
program  extractor  The  program  extractor  generated 
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a perforated  paper  tape  representation  of  the  program 
on  the  basis  of  its  ability  to  interrogate  electrically 
one  of  the  existing  core-rope  storage  assemblies  The 
tape  was  then  used  as  the  input  for  a general-purpose 
computer  that  had  been  configured  to  prepare  ten 
punched  card  decks  specifying  the  data  patterns  (in  a 
format  designated  by  the  manufacturer  of  the  ROM 
integrated  circuits)  for  the  ten  MC8316A  devices  re- 
quired in  a complete  memory  system  (Ref.  1). 

System  Design.  The  redesign  concept  entailed  re- 
placement of  all  memory  cores  and  associated  sense 
amplifiers  on  each  of  the  five  central  boards  of  the 
storage  assembly  with  a pair  of  rom  integrated  cir- 
cuits. All  other  small-scale  integrated  circuits  included 
on  the  boards  for  the  formation  of  output  registers 
and  gating  networks  were  retained  intact  in  the  new 
design,  thus  assuring  electrical  compatibility  between 
the  output  signals  produced  by  the  new  storage  as- 
sembly and  other  elements  of  the  AYN-1  computer. 
The  collateral  aspect  of  the  compatibility  problem 
(establishing  compatibility  between  the  new  storage 
assembly  and  the  input  signals  provided  to  it  by  other 
functional  elements  of  the  computer)  was  resolved  by 
redesigning  the  program  counter.  This  counter,  which 
is  embodied  in  the  circuitry  on  two  printed  circuit 
cards  external  to  the  storage  assembly,  provides  the 
address-defining  signals  that  are  applied  to  the  storage 
assembly.  The  new  program  counter  (Fig.  2)  retains 
the  circuitry  in  the  original  version  that  is  actually 
associated  with  the  counting  function,  but  the  elabo- 
rate array  of  associated  discrete  component  current 
drivers  that  provided  a suitable  address  interface  to 
the  521-wire  rope  were  replaced  with  a few  inte- 
grated circuit  buffers. 


Fig.  2 AYN-1  computer  with  read-only  memory  in- 
stalled between  partially  removed  program  counter 
hoards.  61 


The  electrical  design  of  the  assembly  proceeded 
smoothly,  but  two  significant  problems  arose  in  the 
mechanical  design.  The  address  defining  signal  en- 
semble had  to  be  communicated  to  the  five  central 
boards  in  the  assembly.  (In  the  core-rope  system,  this 
role  was  filled  by  the  rope  that  linked  all  seven 
boards,  both  physically  and  electrically.)  The  housing 
cover  plate  was  modified  to  include  a tlat  cable  as- 
sembly that  provided  the  required  interboard  connec- 
tions, so  that  base  plate  rewiring  was  not  needed. 

The  second  mechanical  problem  became  apparent 
when  initial  attempts  to  develop  a workable  layout 
for  the  five  central  printed  circuit  boards  proved  un- 
successful. The  difficulty  was  largely  attributable  to 
high  component  density  and  the  desire  to  avoid  multi- 
layer boards  with  their  higher  cost  and  more  complex 
maintenance  procedures.  All  flat-pack  integrated  cir- 
cuits (which  had  been  used  exclusively  in  the  core- 
rope version)  were  replaced  with  electrically  equiva- 
lent devices  in  dual-in-line  packages.  This  substitution 
permitted  circuit  tracks  to  be  routed  between  the  more 
widely  spaced  leads  of  the  dual-in-line  devices  and 
thereby  eliminated  the  need  for  many  interconnections 
between  board  surfaces.  A computer-aided  layout  ser- 
vice provided  by  a subcontractor  completed  the  solu- 
tion to  the  problem. 

Prototv pk  Evaluation.  Two  prototype  storage 
assemblies  conforming  to  the  new  design  were  fabri- 
cated and  subjected  to  extensive  functional  tests, 
which  were  successful.  One  prototype  was  then  in- 
stalled in  a computer  aboard  an  HH  si  helicopter. 
During  two  months  of  routine  flight  activities,  it  ex- 
hibited more  than  200  hours  of  fault-free  operation. 
Termination  of  the  flight  tests  was  dictated  at  that 
point  by  reassignment  of  the  helicopter. 

Subsequent  to  the  successful  prototype  demonstra- 
tion, effort  was  directed  toward  the  assembly  of  1 10 
new  memory  systems.  The  first  phase  of  this  activity 


consisted  of  procurement  and  inspection  of  approxi- 
mately 20  000  components  processed  in  accordance 
with  pertinent  military  standards  (Ref.  2)  The  sec- 
ond phase,  now  nearing  completion,  has  involved  the 
negotiation  and  monitoring  of  a subcontract  calling 
lor  the  fabrication  and  assembly  of  the  990  printed 
circuit  boards  that  will  be  the  constituents  of  the  new 
systems.  The  third  and  final  stage  of  this  effort  will 
be  the  electrical  testing  of  these  boards. 

In  preparation  for  the  third-phase  test  program, 
two  special-purpose  test  units  have  been  designed  and 
assembled  The  memory  register  test  unit  automat i 
cally  exercises  and  evaluates  the  performance  of  the 
boards  that  occupy  the  five  central  positions  in  the 
new  program  storage  assemblies.  A program  counter 
test  unit  performs  an  analogous  role  for  the  two  pro- 
gram counter  boards  that  complete  the  new  systems. 
A noteworthy  feature  of  this  unit  is  its  use  of  an 
eight-bit  microprocessor  that  operates  under  the  con- 
trol of  a 470  byte  stored  program. 

After  completion  of  the  test  activities  and  delivery 
of  the  new  memory  systems  to  the  Coast  Guard,  it  is 
anticipated  that  the  program  will  be  concluded  with 
several  instructional  sessions  for  ( oast  Guard  mainte- 
nance personnel  and  the  preparation  of  form.il  docu- 
mentation. 
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BIOMEDICAL  ENGINEERING 


INTRODUCTION 


The  Johns  Hopkins  University  School  ot  Medicine,  the  School  of  Hygiene 
and  Public  Health,  and  API.  have  collaborated  in  a program  of  biomedical 
research  and  development  since  196  V An  important  objective  of  the  program 
is  to  apply  the  "know  how"  ot  engineering  and  physical  sciences,  acquired 
in  defense  and  space  research  and  development  by  API.,  to  solve  problems  in 
medical  research  and  health  care  delivery.  This  program  has  grown  to  include 
collaboration  with  nearly  all  of  the  clinical  departments  and  with  many  of 
the  basic  science  departments  of  the  medical  divisions.  More  recently.  a 
collaborative  program  has  been  established  with  the  Johns  Hopkins  Hospital. 
There  are  active  programs  in  Nuclear  Medicine.  Ophthalmology,  Neurosen 
sorv  Instrumentation,  Radiography,  Cardiovascular  Systems,  Prosthetic  Sys- 
tems. Biomedu.il  Engineering,  and  C linical  Engineering. 

This  application  of  state-of-the-art  technology  has  contributed  to  many 
areas  of  basic  medu.il  research  and  to  chnual  diagnosis  and  therapy  through 
improvement  of  instrumentation,  techniques,  anil  knowledge.  The  application 
of  systems  engineering  techniques  has  contributed  to  solutions  tor  problems 
of  the  health  care  delivery  system.  These  activities  have  a focus  in  the  Depart- 
ment of  Biomedical  Engineering  at  the  Johns  Hopkins  Medical  Institutions. 
In  addition,  a new  educational  program  developed  in  collaboration  with 
members  of  the  Department  of  Biomedical  Engineering  leading  to  the 
Master’s  Degree  m C Imical  Engineering  was  established  in  September  19" $ 
at  the  Medical  School. 

The  results  of  the  research  and  development  in  this  program  are  reported 
in  the  open  literature,  principally  in  biomedical,  biological,  and  medical 
journals  During  the  program’s  relativelv  short  life,  more  than  DO  papers 
have  been  published  along  with  a few  book  chapters,  more  than  6s  instru- 
ments tor  research  and  clinical  application  have  been  developed,  and  a 
number  of  API.  staff  members  have  assumed  line  responsibilitv  tor  the  JHMI 
in  areas  where  technology  can  make  specific  contributions  to  patient  care 
and  the  health  care  delivery  system  Examples  of  the  latter  are  in  radiation 
physics,  in  information  processing,  and  in  defining  technical  requirements 


for  the  maintenance  of  the  highly  technological  medical  equipment  used  in 
patient  care. 

At  any  given  time,  there  are  40  to  60  active  projects  within  the  collabora- 
tive biomedical  progtam.  They  have  ranged  all  the  way  from  the  development 
of  a rechargeable  heart  pacemaker  to  eliminate  the  repeated  implant  surgery 
usually  required — to  the  discovery  of  a method  for  observing  the  blood  flow 
in  usually  inaccessible  regions  of  the  human  eye — to  the  specification  of 
monitoring  equipment  and  communication  systems  for  better  patient  care. 

The  prjjects  reported  herein  are  heavily  research  oriented.  Two  deal  with 
the  anah  sis  of  data  taken  from  dynamic  measurements  of  blood  flow  using 
radioact.vely  tagged  molecules  of  blood.  These  studies  have  defined  param- 
eters that  quantitate  the  efficacy  of  heart  function  and  allow'  assessment  of 
cerebral  blood  flow  in  humans.  Another  deals  with  sophisticated  techniques 
of  measurement  of  light  scattering  from  the  tissue  of  the  cornea  of  the  eye 
and  its  correlation  with  analytic  models  of  both  normal  and  swollen  corneas. 
The  fourth  describes  a novel  membrane  transport  cell  that  enables  the  simul- 
taneous measurement  of  hydraulic  conductivity,  reflection  coefficient,  and 
effective  permeability  of  a membrane.  Results  for  sucrose  transport  across  a 
Cuprophan-150  PM  membrane  are  described. 

Other  activities  of  importance  within  the  current  biomedical  program  are 
the  application  of  a two-dimensional  scanned  echocardiographic  system  to 
the  measurement  of  left  ventricular  wall  motion.  Along  with  the  development 
of  sophisticated  data  processing  methods,  this  will  enable  quantitation  of 
infarct  size  and  progress  in  heart  attack  victims  and  may  be  extended  to 
the  early  detection  of  preinfarct  ischemia.  The  clinical  evaluation  of  two 
instruments  developed  under  this  program  is  currently  under  way — a novel 
three-dimensional  radiographic  device  and  a sensor  for  detecting  abnormal 
intracranial  pressure.  Finally,  the  application  of  the  techniques  of  holography 
to  measure  and  study  the  healing  of  cornea  wounds  is  progressing  well.  Any 
of  these  may  well  be  the  subject  of  future  accomplishments. 


EVALUATION  OF  CARDIAC  FUNCTION 
USING  MEDICAL  RADIONUCLIDES 


The  poor  resolution  of  previous  radionuclide  tracer 
images  of  the  heart  has  been  a major  limiting  con- 
straint to  the  quality  of  the  diagnostic  information. 
A new  imaging  technique  "freezes"  the  motion  of  the 
heart  during  each  of  16  time  divisions  within  the 
cardiac  cycle.  The  data  frames  may  then  be  displayed 
to  the  physician  in  a repeating  motion-picture  format. 


BACKGROUND 

Noninvasive  measurements  of  global  and  regional 
cardiac  function  by  means  of  radioactive  tracers  arc 
being  used  increasingly  in  the  diagnosis  and  monitor- 
ing of  patients  with  heart  disease.  These  procedures 
supplement  and  often  replace  more  expensive  and 
technically  complicated  invasive  techniques  such  as 
cardiac  catheterization  (Ref.  1).  Nuclear  medicine 
techniques,  on  the  other  hand,  cannot  provide  the  ex- 
quisite resolution  of  conventional  roentgenology. 


In  radionuclide  imaging  of  the  heart,  organ  motion 
has  been  a significant  problem.  The  ventricles  ot  the 
heart  demonstrate  major  volume  changes  with  atten- 
dant translation  of  the  cardiac  walls.  In  addition,  tor 
sional  movement  is  an  important  component  of  overall 
motion  In  most  systems,  the  image  data  are  collected 
with  an  "open-shutter”  gamma  camera.  Obviously, 
any  organ  movement  tends  to  blur  the  image,  and  the 
blurring  is  most  severe  near  the  apex  of  the  heart 
where  many  infarctions  and  aneurysms  occur. 


DISCUSSION 

The  principal  recent  advances  (Ref.  2)  have  been 
in  the  application  of  new  programs  for  use  with  a 
computerized  scintillation  camera  system.  It  has  flu 
following  distinctive  characteristics: 


Protodiastole  Isometric  relaxation 


Aortic  valve  (opens  A.  close's  A) 
A V valve  (opens  □ closes  ■ ) 


Fig.  1 Various  physiological  events  that  occur  during  the  cardiac  cycle. 
The  shape  of  the  left  ventricular  volume  curve  can  he  determined 
noninvasively  using  radio- tracer  techniques. 
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Fig.  2 Regions  of  interest  superimposed  on  a radio- 
nuclide image  of  the  heart  at  end  diastole.  The  larger 
region  encircles  the  left  ventricle;  the  smaller  region 
defines  a background  area  in  this  left  anterior  oblique 
view.  These  regions  are  used  in  the  computer  program 
to  generate  time/activity  curves  of  the  activity  within 
the  left  ventricle. 


1.  The  system  has  an  hkc, -synchronized  data- 
acquisition  capability  that  uses  a buffer  memory 
to  separate  the  gamma  camera  data  into  as 
many  as  64  individual  data  matrices.  Each  data 
field  (image)  contains  only  the  events  recorded 
during  a discrete  predetermined  portion  of  the 
cardiac  R-R  interval.  However,  the  data  accu- 
mulated in  each  of  the  time  slots  are  integrated 
over  1000  heartbeats. 

2.  The  resultant  data  matrices  can  be  displayed  as 
images  of  the  beating  heart  and  recycled  re- 
peatedly as  an  'endless  tape"  motion  picture. 

For  most  patients,  a conventional  nuclear  angiocar- 
diogram is  recorded  in  one-second  frames  for  30  sec- 
onds after  the  intravenous  iniection  of  ""'"Tc-albumin. 
The  data  provide  a visual  evaluation  of  the  "first-pass" 
characteristics  as  the  bolus  enters  the  right  side  of  the 
heart,  exits  to  the  lungs,  returns  to  the  left  side,  and 
exits  again  to  the  rest  of  the  body.  Overall  sluggish 
circulation,  left  to-right  and  right  to  left  interchamber 
shunts,  and  lung  transit  times  may  be  noted  An 
FKt;-synchronized  study  of  the  cardiac  hlixxl  pool 
is  then  acquired,  with  the  cardi.K  cycle  divided  into 
16  time  segments  The  cvenr*  of  the  cardiac  cycle  are 
illustrated  in  Fig.  1 

Following  the  acquisition  phase,  the  data  arc  cor- 
rected for  inherent  spatial  nonuniformities  in  sensi- 
tivity in  the  camera's  detection  system  In  addition. 
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(b)  Patient  with  marked  decrease  in 

cardiac  function  election  fraction  24% 


(c)  Patient  in  congestive  heart  failure 
election  fraction  16% 

Fig  3 Several  clinical  examples  of  left  ventricular  vol- 
ume curves  determined  by  EKG-synchronired  scintig- 
raphy. 67 


,i  data  hounding  process  is  applied  so  lh.it  any  element 
that  differs  by  more  than  two  standard  deviations 
(Jn)  from  its  immediate  neighbors  is  set  to  the  -u 
value.  The  left  ventrical  is  outlined  as  the  eardiae 
region  of  interest,  and  a periventricular  area  is  defined 
as  a background  region  ot  interest  ( lug.  .’ ) 

The  activity  within  these  regions  of  interest  is 
plotted  as  a (unction  ot  time  w ithin  the  R R interval. 
The  background  curve  is  subtracted  from  the  ventricu- 
lar curve  to  yield  the  corrected  blood  pool  data  These 
data  are  then  analyzed  further  to  yield  the  ejection 
fraction  of  the  left  ventricle,  the  pre  ejection  period 
(a  measure  of  the  time  from  the  R wave  to  the  begin- 
ning of  ventricular  contraction),  the  emptying  and 
tilling  times  of  the  left  ventricle  as  a traction  of  the 
R R interval,  and  the  election  fraction  divided  by  the 
emptying  time  (big.  s') 


In  addition  to  the  quantitative  data,  the  matrices  are 
displayed  in  a "cine"  format.  The  images  are  in 
essence  a scintigraphic  movie  of  the  beating  heart. 
A visual  evaluation  of  wall  motion  of  both  ventricles 
may  be  made  by  the  physician.  Areas  of  diskinesia 
and  or  akinetic  portions  of  the  heart  wall  are  easily 
identifiable. 
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DEPTH-DEPENDENT 
CORNEAL  LIGHT  SCATTERING 


77ie  use  of  light  scattering  measurements  to  probe 
structural  features  within  the  stromal  region  of  the 
eye's  cornea  assumes  that  the  primary  scafterer  is 
the  stroma  and  not  the  epithelial  and  endothelial  cell 
layers.  Our  studies  show  that  the  stroma  contributes 
more  than  00%  ot  the  total  corneal  scattering  at  an- 
gles greater  than  20"  and  about  80%  at  backward 
angles. 


BACKGROUND 

l ight  scattering  in  the  normal  cornea  is  small  and 
is  determined  in  part  by  the  spatial  arrangement  ot 
collagen  fibrils  within  the  stromal  region.  The  rela- 
tionship between  corneal  light  scattering  and  structure 
was  the  basis  tor  our  earlier  study  (Reis  l and  ’)■ 
which  showed  that  the  variations  ot  corneal  light- 
scattering  intensity  with  light  wavelength  evidence  a 
short-ranged  ordering  of  librds  in  rabbit  corneas  of 
normal  thickness  and  the  presence  of  regions  void  of 
fibrils  in  cold  swollen  rabbit  corneas  The  use  of  light- 
scattering  measurements  to  probe  stromal  ultrastrui 
ture  assumes  that  most  ot  the  scattering  occurs  from 
within  the  stroma  and  not  from  the  limiting  cellular 
layers  W’e  cited  preliminary  experiments  in  Ret  I 


that  supported  (his  assumption.  However,  in  a subse- 
quent study  (Ref.  V),  other  investigators  attempted  to 
measure  lire  distribution  ot  scattered  light  as  a func- 
tion of  depth  into  the  cornea  and  concluded,  "the 
main  contribution  to  the  integrated  scattered  intensity 
from  the  cornea  comes  from  regions  close  to  the  limit- 
ing layers,  i.e  , the  epithelium  and  endothelium  Re 
ccntlv  we  have  demonstrated  that  these  investigators 
did  not  measure  directly  the  actual  light  scattering 
profile  and  that  a proper  interpretation  of  their  data 
actually  shows  that  most  of  the  scattering  is  from 
within  the  stroma  (Ref.  -t)  Additionally,  our  own 
measurements  show  that  the  stroma  is  the  primary 
scatterer  within  the  cornea  over  a w ide  range  ot  scat 
lering  angles  trom  forward  to  backward  directions 
(Ref.  S). 


DISCUSSION 

When  a normal  cornea  is  examined  under  a slit 
lamp  in  lateral  directions,  the  notable  features  arc 
(a>  the  nous. altering  epithelium  bounded  by  two  nar 
row  bright  bands,  (h)  the  stroma  in  which  the  scatter 
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software  development  reouires  the  use  of  assemblers 
to  translate  programs  into  machine  language.  Simula 


biers  tor  a number  ot  popular  microprocessors,  as 
shown  in  Table  1 The  assemblers  have  a common 
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ini;  is  relatively  less  intense  than  in  the  two  bright 
bands,  and  (c)  a bright  band  at  the  endothelium.  The 
scattering  geometry  used  in  the  experiments  of  Ref.  t 
is  illustrated  in  the  top  line  of  Fig  la,  where  the 
shading  suggests  the  distribution  of  scattering  inten- 
sity m the  cornea  If  this  distribution  were  viewed  at 
an  angle,  as  illustrated,  the  viewer  would  see  a dis- 
torted picture  of  the  actual  distribution  shown  by  the 
geometric  projection  on  the  second  line  of  Fig.  lb. 

1 his  distortion  of  the  true  distribution  is  caused  by 
the  finite  width  of  the  incident  beam  and  is  related  to 


Fig.  1 The  finite  width.  u\  of  the  incident  beam  causes 
the  intensity  distribution  to  be  distorted  when  the  sample 
is  viewed  at  an  angle,  e.  The  true  intensity  is  represented 
at  the  top  of  the  figure,  and  the  distortion  introduced 
by  the  width  of  the  beam  is  represented  by  the  projec- 
tion in  the  center  of  the  figure.  The  amplitudes  of  the 
various  regions  are  also  adjusred  by  appropriate  trigono- 
metric factors  to  account  for  the  projection.  The  final 
result,  obtained  by  scanning  this  distribution  with  the 
slit  response  function  of  the  detector,  is  shown  at  the 
bottom  of  the  figure.  The  line  labeled  "calculated”  is  the 
distribution  predicted  from  the  above  model  using  the 
parameters  of  Kef.  4,  and  the  line  outlining  the  tinted 
area  is  the  measured  trace.  The  breakdown  into  epithe- 
lial. stromal,  and  endothelial  regions  is  that  of  Kef.  4. 


the  beam  width,  the  viewing  angle,  the  stromal  thick- 
ness, and  the  epithelial  thickness.  An  ideal  detector 
would  reproduce  this  projection  exactly;  however,  the 
actual  detector  had  a spatial  response  function  that 
could  be  approximated  by  the  isosceles  triangle  shown 
in  Fig.  lc  The  finite  width  of  the  detector  response 
function  causes  further  distortion  of  the  ideal  geo 
metric  projection. 


The  curve  labeled  "calculated"  in  Fig.  id  is  the  re 
suit  of  scanning  the  distribution  of  Fig.  lb  with  this 
triangular  response  function,  where  7 2C'(  of  the  scat 


Fig.  2 Experimental  traces  of  scattering  versus  depth 
into  the  cornea  (solid  curves)  and  calculation  for  the 
model  discussed  in  text  (dashed  curves).  The  results 
show  that  most  of  the  scattering  incurs  w ithin  the  stroma 
at  all  the  angles  studied  and,  for  hackscattcring  con- 
figurations, the  stroma  is  responsible  for  approximately 
HO''*  of  the  scattering. 
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tering  intensity  is  assumed  to  originate  from  within 
the  stromal  region.  For  comparison,  the  curve  outlin- 
ing the  tinted  region  in  Fig.  id  is  the  experimental 
trace  of  Ref.  I This  agreement  between  theory  and 
experiment  suggests  that  most  of  the  scattering  occurs 
within  the  stroma,  at  least  at  the  scattering  angles 
used  In  these  experiments. 

In  Ref.  we  presented  our  traces  of  light  scatter- 
ing versus  depth  into  the  cornea  at  a series  of  scatter- 
ing angles  between  20  and  1-15°  using  green  light. 
Typical  experimental  results  are  given  by  the  solid 
curves  of  Fig.  2.  The  trace  at  a scattering  angle  of 
1 20°  shows  two  distinct  peaks  in  the  anterior  corneal 
region.  The  total  spatial  response  function  of  the  ap- 
paratus was  measured  at  each  of  the  scattering  angles 
and  was  used  to  interpret  the  experiments.  The  dashed 
traces  in  Fig.  2 are  calculated  based  on  the  measured 
response  function  and  the  model  of  the  depth  de- 
pendence of  corneal  scattering  illustrated  in  Fig.  la 
(however,  in  our  experiments  the  light  was  incident 
normal  to  the  corneal  surface).  The  calculated  curves 
compare  favorably  with  the  measured  signal.  Our 


MEMBRANE  TRANSPORT  CELL 


A novel  membrane  transport  cell  that  uses  laser 
interferometry  to  measure  solute  flux  has  been  devel- 
oped. With  this  apparatus,  all  of  the  transport  proper- 
ties describing  solute  and  volume  flow  across  artificial 
or  biological  membranes  can  be  obtained  from  a single 
experiment  and  processed  to  provide  new  information 
regarding  the  organization  of  transport  pathways 
across  the  preparation.  The  cell  has  been  used  to 
measure  the  hydraulic  conductivity  (solvent  flow  under 
a hydrostatic  or  osmotic  pressure  head),  reflection 
coefficient  (related  to  the  sieving  properties  of  the 
membrane),  and  sucrose  permeability  of  Cuprophan 
dialysis  membrane. 


BACKGROUND 

The  passive  transport  properties  of  membranes  typi- 
cally arc  measured  in  separate  experiments  and  then 
combined  to  predict  membrane  performance  under 
boundary  conditions  that,  in  general,  differ  from  those 
under  which  the  transport  properties  were  measured. 
We  have  shown  (Ref.  1)  that  if  membrane  structure 


analyses  of  such  traces  show  that  the  stroma  contrib- 
utes more  than  60fe  of  the  scattering  at  all  angles 
and  approximately  80'f  at  backscattering  angles. 
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is  ignored  in  both  property  measurement  and  per- 
formance prediction,  the  predicted  solute  flux  across 
parallel  pathway  membranes  will  generally  be  in  error. 
The  error  depends  on  the  distribution  of  the  reflection 
coefficients  (heteroreflectivity')  of  the  parallel  paths. 
For  the  simplest  case  of  a heteroporous  membrane 
bounded  by  nonelectrolyte  solutions  whose  concentra- 
tions are  close  enough  to  permit  linearization  ot  the 
governing  flux  equations,  the  solute  flux  is  given  by 

/„  = /,.  (1  — (tK  4-  [(.I  4 gLp rr(  1 — cr')C]K7  A C.  , (l) 

where  /,.  is  volume  flux  across  the  membrane,  a is  the 
conventionally  determined  reflection  coefficient,  C is  a 
mean  concentration,  <o  is  the  tracer  permeability.  Lv  is 
the  conventionally  determined  hydraulic  conductivity, 
R is  the  gas  c<»nstant,  7 is  absolute  temperature.  AC.  is 
the  concentration  difference  across  the  membrane,  and 
S 1 ) measures  the  influence  ot  parallel  path 

structure  on  solute  flux.  We  term  the  bracketed  co 
efficient  in  F.q.  1 the  effective  permeability.  «t,(-  Indc 
pendent  measurements  of  <orU  and  «.»  can  provide  ,c 
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when  L,,  and  a are  known.  These  measurements  give 
insight  into  the  transport  structure  of  the  membrane. 

Tlie  simultaneous  measurement  of  all  transport 
properties  in  a single  experiment  can  conserve  time 
and  material  and  improve  the  consistency  of  the  data, 
particularly  for  biological  membranes.  Laser  interfer- 
ometry provides  a noninvasive  means  to  monitor  trans- 
membrane  solute  flux  and  to  obtain  useful  transport 
properties  not  previously  measured  by  conventional 
techniques. 

DISCUSSION 

The  membrane  transport  cell  shown  in  Fig.  1 was 
developed  to  permit  the  simultaneous  measurement  of 
it,  . and  The  membrane  with  an  effective  trans- 
port area,  .!,  separates  two  fluid  chambers;  C,,  P,. 
and  T,  are  the  concentration,  pressure,  and  volume  of 
the  ;th  chamber.  A large  reservoir  at  a fixed  height, 
b , maintains  a constant  pressure  head  across  the  mem- 
brane. A calibrated  capillary  tube  is  used  to  measure 
changes  in  V«. 


The  laser  interferometric  technique  is  used  to  mea- 
sure the  concentration  difference  across  the  membrane, 
(',  — (....  in  a stirred  cell  A helium-neon  laser 
illuminates  the  optical  mask  w hose  four  apertures  per- 
mit light  to  pass  through  the  membrane  cell.  Glass 
spacers  cause  the  relative  phase  of  two  of  the  rays 
passing  through  the  cell  to  change  by  an  amount  that 
depends  on  the  difference  between  the  refractive  in- 
dices. and  thus  the  concentrations,  of  the  solutions  in 
each  chamber.  A cylindrical  lens  causes  these  rays  to 
form  an  interference  pattern.  The  additional  two  rays 
that  do  not  pass  through  the  spacers  are  also  brought 
together  by  the  lens  to  provide  a reference  pattern 
independent  of  J \C. 

A typical  pair  of  diffraction  patterns  is  shown  in 
Fig.  1.  As  the  concentration  difference  across  the 
membrane  changes  with  time  in  an  unsteady  experi- 
ment, the  distance  between  the  nulls  of  the  two  pat- 
terns changes  correspondingly. 

The  time  courses  of  both  volume  flow  (measured 
using  capillary  tubes)  and  solute  flow  are  measured 
simultaneously.  The  experimental  protocol  employs  a 
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Fi»;.  2 Plots  of  experimental  data  for  Cuprophan  at 
37°C  with  a stirring  rate  of  7S  rpm.  (a)  Volume  flow 
rate  into  chamber  2 versus  concentration  difference 
across  membrane,  (hi  Bate  of  change  of  concentration 
difference  across  membra,  averaged  over  ±20  minutes 
versus  concentration  difference  across  membrane. 


constant  pressure  head  and  an  initial  concentration 
difference  across  the  membrane;  the  driving  forces  are- 
such  that  volume  flow  and  solute  flow  are  linearly 
dependent  on  the  concentration  difference  across  the 
membrane.  The  phenomenological  transport  coeffi- 
cients are  determined  from  the  slopes  and  intercepts 
of  these  linear  relationships. 

Our  initial  experiments  used  Cuprophan  ISO  PM 
membrane,  a constant  pressure  head  consisting  of 
140  cm  of  IT  mM  sucrose  solution,  and  an  initial 
concentration  difference  of  60  mM  sucrose  with  an 
average  concentration,  C,  of  140  mM,  A typical  plot 
of  the  data  measured  over  a six-hour  period  is  shown 
in  Pig.  2,  The  straight  lines  are  linear  least-square  fits 
to  the  data.  The  AC  intercept  and  slope  of  the  plot 
of  Al'C./Af  versus  AC  provide  the  values  of  the  reflec- 
tion coefficient,  u,  and  the  hydraulic  conductivity,  l., 
The  slope  of  the  plot  of  A(AC)  A / versus  AC  pro 
vides  the  effective  membrane  permeability, 

Transport  coefficients  obtained  at  three  different 
stirring  speeds  are  compared  with  published  data  in 
Table  1.  The  phenomenological  coefficients  are  not 
clearly  dependent  on  stirring  speed,  suggesting  that 
unstirred  layers  were  of  negligible  importance  Our 
values  of  L,,  and  are  well  within  the  range  of 
published  values.  Membrane  heteroreflectiv  ity  contrib- 
utes to  the  effective  permeability  bv  no  more  than 
iv; , 
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TABLE  1 

PHENOMENOLOGICAL  COEFFICIENTS  FOR  CCPROPIIAN  AT  V”C 
WITH  SUCROSE  AS  THE  SOLUTE 


1 x 1()|  if  ml  ^ 

a 

ul  \ 10' 

(moles/dync-s) 

Source 

1,  dyne  s } 

Uirtf 

| V 

u* 

V82  ± 0.0 1 

0.2  V*  ± 0.001 

6.0$  ± 0.12 

V07  ± 0 1 2 

This  studv  ( ^ rpm) 

\ 89  ± 0 0* 

02*1  ± 0.001 

6.01  ± 0.10 

* 04  ±010 

This  study  (l*o  rpm) 

\ 8 * ± 0.02 

0.2*0  ± 0 001 

* 96  ± Oil 

4.9*  ± 0.14 

This  study  ( *00  rpm) 

\ 06 

6 6- 

Ret  2 

4 ”8 

0.17* 

— 

*.6*> 

Ref  v 

6.** 

Ref  4 

8 **  4 

Ret  s 

1 90 

Ret  6 

t Wffim  " ~ 1 — a)(. 

t Reflection  coefficient  was  obtained  vising  the  following  formula  a - 1 2TK  (l  + TK* ) , where 
T n and  TN*  are  defined  in  Ref  V 
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PHYSIOLOGICAL  INTERPRETATION 
OF  TIME/ACTIVITY  CURVES 
FROM  CEREBRAL  FLOW  STUDIES 


Regional  cerebral  perfusion  may  be  evaluated  by 
imaging  the  first  circulation  of  a relatively  nondiffusible 
radiotracer  labeled  with  technetium-99m  following  an 
intravenous  injection.  The  data  can  be  quantitatively 
interpreted  by  generating  time/activity  curves  from 
selected  regions  of  interest  in  the  brain.  Certain  pat- 
terns within  these  activity  curves  can  be  assigned  to 
proven  disease  states. 


BACKGROUND 

Noninvasive  radiotracer  methods  for  the  evaluation 
of  regional  cerebral  perfusion  in  patients  with  isch- 
emic strokes  have  been  shown  by  others  (Ref.  1) 
to  have  a sensitivity  of  approximately  50%  with  visual 
interpretation  alone  and  up  to  74%  when  the  data 
are  also  quantified.  The  improvement  in  sensitivity 
with  quantitative  interpretation  is  attributable  to  the 
ability  to  generate  time /activity  curves,  measure  pa- 
rameters associated  with  these  curves  with  good  repro- 
ducibility, and  establish  normal  ranges  for  these 
parameters.  Previous  methods  of  interpreting  the 
time  activity  curves  have  suffered  from  the  use  of 
nonphysiological  parameters  or  the  use  of  only  one 
physiological  parameter  that  evaluates  blood  flow  in- 
completely. 


(e.g.,  left  and  right  lung  fields)  within  a particular 
person  than  there  is  between  the  same  type  of  organ  in 
two  different  people  (e.g.,  the  left  kidneys  of  any  two 
randomly  chosen  persons).  This  basic  principle  has 
been  applied  to  this  study  to  evaluate  regional  ab- 
normalities in  the  brain.  Paired  and  symmetrical 
"regions  of  interest"  (Fig.  1)  in  the  brain  can  lx? 
expected  to  exhibit  essentially  identical  blood  flow 
patterns  when  subjected  to  the  same  bolus  of  radio- 
active tracers,  so  that  regions  in  the  left  side  of  the 
brain  can  reasonably  be  compared  to  similar  areas  in 
the  right  side. 

The  time  activity  curve  generated  by  detecting  the 
passage  of  the  radionuclide  through  the  region  of 


DISCUSSION 

A well  known  medical  axiom  states  that  there  is 
more  similarity  in  function  between  paired  organs 


Fig.  1 Six  regions  of  interest  defining  areas  in  a vertex 
radionuclide  image  of  the  brain.  The  abnormal  distribu- 
tion is  due  to  metastatic  lesions  caused  b\  a primary 
cancerous  prostate  gland. 
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nl  V ♦ nl  T * nl  F 
Physiologic 
I Not  null 


nl  V ♦ tT  mF  or  LP 
Vascular  stenosis  or 
long  pathway 

1 Atherosclerosis 

2 Arteritis 

3 Stroke  with  collaterals 


nl  V » * T * t F 
Deo eased  vascular 
resistance 
I ? 


i V ♦ nl  T * i F 
Pi  ojhu  t lonal  deer ease 

in  hlood  volume  and  flow 

1 OKI  stroke 

2 Post  suigical  oi  traumatic  loss 

of  hram  substance 

3 Porencephalic  cyst 

*V  *tT  mF  or  IP 
Decreased  blood  volume 
with  vascular  stenosis  or 
long  pathway 

1 Stroke  with  oi  without  collaterals 

2.  Avascular  neoplasm 

3.  Aneurysm  with  spasm 


t V ♦ « T * NF 
Deer easeil  hlood  volume 
with  decreased  resistance 
I f 


t V + 111  T*  tF 

Proportional  increase  in  volume 
and  flow 

1 ? postsei/ure 

2 Stioke  with  luxury  perfusion 


t V ♦ tT*  MF  or  LP 
Increased  volume  alone  or  with 
collateral  flow 

f Stioke  with  (uKury  per  fusion 


W ♦ *T  **F 

Increased  hlood  volume  with 
decreased  resistance 

1 AVM 

2 Vjsculat  neoplasms 


nl  normal  value 


I ig  2 Interpretation  of  time  actititt  curses  from  paired  regions  of  interest. 


TABLE  1 

NORMAL  ABSOLUTE  VALUES  EOR  TIME  PARAMETERS 
(MEAN  ±1  STD  DEV) 


Time  (») 

Hemisphere 

Anterior 

Middle 

Posterior 

TV  I n ict t ion  fo- first  arrival  time 

Right 

II  * * 

2 S 

111  ± 2' 

11.2  ± 2 s 

1 1 ) ± :.<> 

Left 

11  * ♦ 

2 s 

111  ± 2 A 

11.2  4 2 A 

11)  ♦ 2 <* 

Vi : lnicvtion  h>  peak  jitiMtv  tune 

Right 

ISO  ± 

* s 

IS)  ± VO 

17  <.  t ' 1 

rs  4 ) 7 

Left 

18  0 ± 

l s 

IS.)  ♦: 

17.6  ± U 

r s ± ) 7 

Tj:  Mean  transit  time 

Right 

2:  \ ± 

) S 

22  1 ♦ 1 ) 

2 1 S 4 VS 

22  S 4 ),7 

left 

22  ) t 

) s 

22.4  ± A. 3 

22  0 ± 1 l 

22  7 ± VS 

interest  is  related  to  the  mjcxtcd  dose  and  cardiac 
output  hy  the  Stewart  Hamilton  equation 

ao 

II 

It  states  tli.il  it  a fin'll  .uiHHint  of  tr.iier,  Q.  is  m 
levied  into  the  proximal  circulation  aiul  undergoes 
uniform  mixing  in  ,i  icntr.il  ihamhcr,  the  nuMsurc 
ment  of  the  concentration  ol  tlu-  tracer,  ( (I),  at  some 


ilist.il  point  during  the  lirst  call  illation  will  permit 
i.ilcul.ition  ot  the*  lardiac  imtput,  W hen  this 
c\|ii.itum  is  moiliticil  tor  the  evaluation  ot  relative 
regional  cerehr.il  perlusion  to  symmetrn.il  paired  re 
gums  ot  interest  within  the  hram,  the  equation  rediues 
to  the  simple  relationship:  relative  tliwv  ei)n.ils  relative 
volume  divided  hi  the  relative  mean  transit  time  ot 
the  tr.uer  through  the  region  ot  interest  ^ Ret 

A group  of  Ml  patients  who  did  not  have  organic 
hram  disease  at  the  time  ot  discharge  (or  follow  upl 
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was  studied  by  this  method.  An  automated  data 
acquisition  and  processing  system  was  used  to  deter- 
mine the  time  course  of  the  radioactive  bolus  through 
six  regions  ot  interest  within  the  brain.  Computer 
programs  have  been  developed  to  calculate  objectively 
a number  ot  physiological  parameters.  The  values  of 
the  injection- to- first -arrival  times,  injection-to-peak- 
activity  times,  and  mean  transit  times  for  these  normal 
patients,  are  given  in  Table  I . 

There  are  nine  possible  combinations  of  normal, 
increased,  or  decreased  relative  regional  blood  volume 
and  normal,  increased,  or  decreased  relative  mean 
transit  time  of  the  bolus  through  the  region  of  in- 
terest. When  the  two  physiological  parameters  are 
compared,  a pathophysiological  interpretation  relating 
to  regional  blood  flow  can  be  constructed  (Fig.  2). 
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Environmental  concerns  have  emerged  as  a major  area  affecting  public 
|^>l icy.  especially  in  regard  to  minimizing  potentially  adverse  effects  of  new 
technologies  In  keeping  with  its  mission  ol  using  its  technical  expertise 
in  service  to  the  nation.  API.  has  maintained  a diverse  program  in  several 
environmentally  related  areas,  notably  power  plant  siting,  fire-related  prob- 
lems, and  water  purification. 

The  Detailed  Site  Evaluation  Program  is  a joint  program  of  API.  and  the 
Chesapeake  Bay  Institute  (CBI)  The  program  was  initiated  in  1972  in  re- 
sponse to  legislation  requiring  that  all  proposed  power  plant  sites  in  Mary- 
land be  subjected  to  an  environmental  impact  study  and  that  environmental 
acceptability  lie  assured  as  a part  of  the  approval  process.  API.  provides  pro- 
gram management  and  conducts  impact  assessment  in  all  areas  other  than 
marine  biology  and  hydrography.  These  two  study  areas  are  covered  by  CBI. 
The  remaining  areas,  consisting  in  part  of  air  pollution,  meteorology,  plant 
design,  geology,  radiation  releases,  noise,  transmission  line  effects,  ground- 
water  problems,  and  chemistry,  provide  APL  with  the  opportunity  of  a highly 
interdisciplinary  study  area.  Since  1972,  detailed  site  evaluations  have  been 
completed  on  a number  of  sites  encompassing  both  fossil  and  nuclear  genera- 
tion, and  ranging  from  50  to  2000  MWe  in  size. 

In  1976,  a one-year  study  was  initiated  under  sponsorship  of  the  Electric 
Power  Research  Institute  (EPRI)  to  develop  a computerized  method  for 
locating  major  energy  facilities.  The  method  is  being  developed  for  a five- 
state  mid-Atlantic  region  but  is  intended  for  eventual  nationwide  use.  A 
linear  programming  model  is  the  basis  for  the  method,  which  determines 
probable  locations  for  sets  of  future  energy  facilities  such  as  power  plants 
and  oil  refineries.  The  results  will  be  suitable  for  use  in  predicting  the 
cumulative  regional  environmental  impact  of  sets  of  proposed  energy  facili- 
ties, Information  on  state  siting  objectives  and  constraints  w ill  be  provided 
by  representatives  from  the  five  states  within  the  region. 

Other  topical  studies  related  to  energy  facilities  and  the  Maryland  coastal 
environment  have  included  a study  report,  "Environmental  and  Socio- 
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economic  Analysis  for  Proposed  Petroleum  Related  Coastal  Facilities  in 
Maryland,"  and  a wetlands  study  through  the  C hesapeake  Research  Con- 
sortium. A current  project  in  collaboration  with  local  governments  studies  the 
feasibility  of  developing  methane  from  solid  waste  disposal  areas. 

A second  area,  broadly  included  under  the  environmental  heading,  is 
the  APL  Fire  Program.  It  deals  with  four  major  areas  related  to  fire  including 
combustion  research,  fire  casualties  analysis,  fire  operations  assessment,  and 
technical  information  transfer,  both  within  the  fire  community  and  between 
the  fire  community  and  the  public.  The  effort  is  interdisciplinary  in  scope 
and  includes  collaboration  with  the  School  of  Hygiene  and  Public  Health  of 
The  Johns  Hopkins  University  and  with  fire  and  health  agencies  of  the  State 
of  Maryland.  The  program  objectives  address  four  questions:  (1)  What  are 
the  physical  causes  and  medical  consequences  of  fires  that  lead  to  fatalities 
or  injuries?  (2)  What  useful  devices  or  practices  can  be  designed  for  the  fire 
service  or  the  population  at  large?  (3)  What  are  the  information  needs  of 
the  fire  field,  and  how  can  they  be  strengthened?  (4)  What  chemical  factors 
determine  the  ignition  and  extinction  of  flames? 

The  specific  articles  included  in  this  section  deal  with  the  information 
transfer  and  combustion  aspects  of  the  fire  program.  However,  the  general 
areas  of  fire  tactics  and  casualty  assessments  are  continuing  parts  of  the  pro- 
gram as  well. 

The  final  topic  included  in  this  section  concerns  an  experimentally  based 
research  effort  directed  at  bacteria  suppression  in  public  water  supplies  by 
photo-generated  singlet  oxygen.  The  investigation  showed  that  colitorm  levels 
present  in  untreated  Potomac  Riser  water  are  substantially  reduced  by  ex- 
posure to  singlet  oxygen  generated  by  laser  absorption  at  1.064  g m.  The 
results  show  a dependence  on  dissolved  oxygen  concentration,  laser  intensity, 
and  irradiation  time.  In  contrast  with  ultraviolet  sterilization,  this  process 
does  not  produce  photochemical  changes  in  substances  present  in  water. 
Moreover,  it  avoids  problems  associated  with  disinfection  using  chlorine,  a 
subject  of  recent  environmental  concern  in  light  of  the  possible  hazards  of 
chlorinated  hydrocarbons  in  the  biosphere. 
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ENVIRONMENTAL  EFFECTS  OF  PROPOSED 
DOUGLAS  POINT  NUCLEAR  POWER  PLANT 
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An  evaluation  of  the  environmental  effects  of  the 
proposed  nuclear  power  plant  at  Douglas  Point  on  the 
Potomac  River  30  miles  south  of  Washington.  DC. 
has  been  performed  by  APL,  the  Chesapeake  Bay 
Institute,  and  the  Department  of  Geography  and  Envi- 
ronmental Engineering  of  The  Johns  Hopkins  Univer- 
sity. A site  evaluation  report  was  published,  public 
testimony  was  given  before  the  U S.  Nuclear  Regula- 
tory Commission  and  the  Maryland  Public  Service 
Commission,  and  the  proposed  findings  of  fact  were 
prepared. 


BACKGROUND 

The  siting  of  .1  power  plant  is  affected  by  many 
competing  considerations,  lire  plant  must  be  near  a 
body  ot  water  in  order  tor  its  condensers  to  he  cooled 

economically d the  water  preferably  should  be 

fresh  to  reduce  corrosion  problems.  Nuclear  plants 
must  be  situated  .nvav  from  populous  areas  because 
of  safety  regulations  designed  to  protect  the  public 
in  the  event  of  a serious  accident  New  fossil  fuel 
plants  usually  must  be  sited  away  from  cities  because 
of  the  problems  associated  with  air  emissions  and  fuel 
handling.  Approaches  to  airfields  must  be  avoided. 
Barge  or  rail  facilities  should  be  nearby  to  facilitate 
construction  anil  transportation  of  fuel  Long  dis- 
tances between  the  plant  and  its  service  area  are  un- 
desirable because  of  the  cost  of  transmission  lines 

The  result  of  these  relatively  inflexible  constraints 
is  that  several  major  (sower  plants  in  Maryland  have 
been  proposed  for  estuarine  areas  at  the  interface  ot 
fresh  water  and  salt  water  at  places  such  as  Douglas 
Point  on  the  Potomac  River,  at  the  mouth  ot  the 
Susquehanna  River,  and  on  the  C hesapeake  and  Dela- 
ware ( anal  These  areas  are  quite  productive  biologi- 
cally and  serve  as  spawning  grounds  for  many  species 
of  fish,  the  most  prominent  being  the  striped  bass, 
or  rocktish  Aquatic  organisms  can  be  damaged  by 
being  draw  n into  the  cooling  w ater  system  I entrain- 
ment f , impinged  on  the  intake  screens,  or  affected  by 
the  discharge  of  chemicals  or  heat.  To  reduce  these 
effects  in  biologically  important  areas,  plants  must 
use  cooling  towers  that  dissipate  most  of  the  heat  by 
evaporation.  They  thus  require  only  approximately 
2ri  of  the  water  that  is  required  in  "once  through'' 
cooling  systems  with  conductive  heat  transfer.  But 
cooling  towers  create  fog  and  deposit  salt  from  their 
plumes,  and  their  height  (up  to  1 Ml  m)  makes  them 
highly  visible,  especially  in  a rural  setting 


There  are  mam  other  environmental  effects  ot 
power  plants,  including  dredging  and  dredge  spoil 
disposal,  noise  during  construction  and  operation, 
electric  fields  from  transmission  lines,  and  diversion 
ot  groundwater.  In  addition,  there  are  scxial  impacts 
and  site-specific  safety  factors  to  be  considered. 

The  State  ot  Maryland  initiated  in  107’  ,i  Power 
Plant  Siting  Program  to  promote  the  orderly  develop- 
ment of  power  plants  and  to  protect  the  State's  envi- 
ronment and  natural  resources  One  component  ot 
that  program,  the  evaluation  of  proposed  new  plant 
sites,  has  been  carried  out  under  subcontract  by  a 
Johns  Hopkins  University  team  presently  comprising 
API.  and  the  ( hesapeake  Bay  Institute  and  coordi- 
nated by  API.  Activities  include  collecting  field  data, 
performing  analyses,  constructing  models,  and  pre- 
dicting the  environmental  impacts  for  specific  power 
plant  sites  Alternative  designs  in  problem  areas  some- 
times are  proposed  and  evaluated  The  end  product 
is  a site  evaluation  report  that  describes  the  site  and 
the  predicted  effects  ot  the  proposed  plant 

Approval  for  construction  of  a power  plant  requires 
that  permits  be  issued  by  a number  ot  state  and  fed- 
eral regulatory  bodies.  Public  hearings  are  usually 
held  on  issues  such  as  environmental  impact,  the  need 
tor  power,  and  health  and  safety  considerations  Per- 
mit decisions  are  based  on  the  public  record  submitted 
by  the  utility,  governmental  bodies,  and  other  in- 
terested groups. 

The  site  evaluation  reports  prepared  by  API  draw- 
no  conclusions  about  the  suitability  of  a site  but  do 
provide  technical  information  from  which  the  state 
can  make  policy  decisions  The  reports  are  submitted 
to  hearing  boards  as  part  of  the  evidentiary  record, 
and  the  authors  are  subject  to  cross  examination  on 
the  validity  of  their  work. 


DISCUSSION 

llic  proposed  Douglas  Point  site  is  a 1 '8<>  acre 
tract  located  on  the  Potomac  River  (0  miles  south  of 
Washington,  DC.  (Pig.  1).  Major  features  of  the 
proposed  design  include  a lagoon  for  clinking  and 
the  withdrawal  of  cooling  water,  two  400  It  cooling 
towers,  and  a dredge  spoil  disposal  basin  (pig  2). 

The  environmental  evaluation  included  extensive 
field  programs  in  hydrology,  aquatic  biology,  and 
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meteorology  and  the  development  of  analysis  and 
models  in  many  technical  disciplines.  Environmental 
effects  were  predicted  and  alternatives  in  plant  design 
to  mitigate  certain  environmental  impacts  were  pro- 
posed and  evaluated.  A final  site  evaluation  report 
has  been  published  (Ref.  1 ) in  addition  to  supporting 
technical  documents,  testimony,  and  draft  proposed 
findings  of  fact  for  regulatory  hearings.  Interaction 
with  the  staff  of  the  utility  during  the  course  of  the 
study  resulted  in  a number  of  cost-effective  design 
modifications  to  reduce  environmental  effects. 

A principal  concern  about  the  proposed  Douglas 
Point  site  was  that  it  is  located  in  the  center  of  a 
major  striped  bass  spawning  ground;  a large  fraction 
of  the  entire  East  Coast  striped  bass  population  origi- 
nates in  the  Potomac  and  several  Chesapeake  Bay 
spawning  areas.  Numerous  potential  impacts  were 
examined  in  the  site  evaluation  report,  but  only  the 
striped  bass  issue  will  be  discussed  here  as  an  illus- 
tration of  the  type  of  analysis  performed. 

An  extensive  biological  field  program  was  con- 
ducted by  The  John  Hopkins  University  in  1974  to 
determine  the  distribution  of  striped  bass  eggs  and 
larvae  along  the  axes  of  the  river  in  the  vicinity  of 
Douglas  Point  and  to  ascertain  if  the  organisms  ex- 
hibited a preference  for  the  shore,  the  bottom,  the 
channel,  or  other  special  locations.  In  a related  effort 
in  1974  through  1976,  another  element  of  the  Power 
Plant  Siting  Program  surveyed  egg  and  larvae  distribu- 
tions over  a broader  expanse  of  the  river  and  sampled 
the  adult  spawning  stock  with  gill  nets  and  sonar. 
The  Chesapeake  Bay  Institute  conducted  a hydro- 
graphic  program  to  determine  the  river's  water  circu- 
lation patterns  and  dilution  capabilities. 

A hydrological-biological  computer  model  was  de- 
veloped of  the  spawning  process,  the  water  circula- 
tion, the  behavior  of  the  larvae,  and  the  operation  of 
the  plant.  Inputs  were  based  on  the  field  program 
data  and  on  an  extensive  review  of  the  literature  on 
striped  bass  spawning.  The  model  predicted  the  per- 
cent of  eggs  and  larvae  that  would  be  entrained  and 
destroyed  by  the  plant  cooling  system  A sensitivity- 
analysis  was  conducted  by  determining  the  effect  of 
uncertainties  in  the  data  and  the  assumptions.  A 
change  in  the  cooling  system  was  suggested  to  the 
utility  that  would  reduce  water  usage  and  thus  en- 
trainment during  the  spawning  period  by  70%  The 
final  prediction  was  that  plant  operation  would  reduce 
the  number  of  eggs  and  larvae  by  a yearly  average 
of  0.6%. 

The  question  of  what  effect  such  a reduction  in 
eggs  and  larvae  has  on  the  subsequent  adult  popula- 
tion hinges  on  the  manner  in  which  compensation  or 


Fig.  L The  proposed  Douglas  Poinc  site. 
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Fig.  2 Details  of  proposed  design 
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density -dependent  factors  regulate  the  population. 
Data  on  spawning,  eggs,  juvenile  fish,  and  commer- 
cial catch  in  several  estuarine  systems  were  reviewed; 
analysis  suggests  that  the  adult  population  originating 
in  the  Potomac  Riser  will  he  reduces!  at  most  by  the 
same  0.6r;>. 

Information  on  commercial  and  recreational  fishing 
and  tagging  studies  of  fish  migration  and  mortality 
was  analyzed  to  determine  the  actual  size  of  the  adult 
population  and  the  contribution  of  the  Potomac  River 
to  the  total  stock  of  fish.  The  result  was  a prediction 
that  the  probable  average  yearly  loss  to  the  East  Coast 
fishery  would  be  less  than  29  000  lb  of  striped  bass. 
For  comparison,  the  average  annual  catch  of  striped 
bass  in  Maryland  is  9 000  000  lb 

Other  damage  to  the  striped  bass  could  result  from 
chlorine  discharges  used  to  prevent  biofouling  of  the 
condensers,  from  corroded  metals  in  the  cooling  sys- 
tem, from  the  discharge  of  heated  water,  and  from 


the  impingement  of  adult  fish  on  the  screens  at  the 
cooling  water  intake.  Each  of  these  effects  was  exam- 
ined. It  is  not  always  possible  to  be  quantitative 
about  possible  effects  but  some  bounds  were  deter- 
mined and  mitigating  alternatives  and  their  costs  were 
discussed. 
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REDUCTION  OF  TOTAL  COLIFORM  COUNTS 
OF  NATURAL  WATER  SAMPLES 
BY  MEANS  OF  LASER  RADIATION 
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Experimental  investigation  of  the  combined  effects 
of  laser  radiation  at  1.0642  pm  and  oxygen  pressuriza- 
tion on  colitorm  levels  in  Potomac  River  water  sam- 
ples has  yielded  the  following  results.  A substantial 
reduction  in  coliform  levels  may  he  induced,  the  mag- 
nitude of  which  exhibits  a fundamental  dependence 
on  the  concentration  of  dissolved  oxygen,  laser  inten- 
sity, and  irradiation  time.  A reduction  of  coliform 
levels  by  oxygen  pressure  alone  is  observed  but,  on 
the  average,  the  effect  is  small  compared  to  that 
observed  when  the  sample  is  irradiated  simultane- 
ously. Thermal  effects  accompanying  irradiation  are 
negligible.  The  inactivation  rate  is  inhibited  for  oxy- 
gen pressures  in  excess  of  10  atm. 


A consideration  of  the  first  three  results  in  conjunc- 
tion with  the  established  experimental  fact  that  bac- 
teria are  unaffected  by  radiation  alone  for  wavelengths 
that  are  large  compared  to  260  nm  (where  nucleic 
acids  absorb  strongly  and  genetic  damage  occurs) 
implies  that  laser-excited  singlet  molecular  oxygen, 
O-.-CAJ,  is  the  single  cause  of  bacterial  destruction, 
the  role  of  the  laser  being  solely  to  produce  selective 
excitation  of  oxygen  from  the  ground  electronic  state. 


DISCUSSION 

Investigations  described  in  this  article  were  con- 
ducted with  the  cooperation  of  the  Washington 
Suburban  Sanitary  Commission,  Patuxent  Filtration 
Plant.  All  water  samples  processed  and  analyzed  were 
obtained  from  the  Potomac  River.  Since  raw  samples 
were  required,  they  were  unfiltered,  the  first  step  in 
water  treatment  being  chlorination.  Thus,  the  optical 
quality  of  the  water  samples  was  usually  poor,  with 
high  turbidity  and  significant  amounts  of  algae  and 
other  unidentified  filterable  matter.  Therefore,  it  is 
felt  that  the  results  presented  here  represent  a lower 
limit  to  the  effectiveness  of  the  process  The  experi- 
mental procedure  involved  sterilizing  a cell  in  an 
autoclave  and  then  filling  it  with  a water  sample  by 
means  of  a sterile  pipette.  The  coliform  count  of 
the  water  was  determined  separately  and  compared 
with  that  obtained  from  the  processed  sample  In  all 
cases,  two  plate  counts  were  made  to  give  an  indi 
cation  ot  the  statistical  spread  of  the  resulting  data 
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Figure  1 is  an  overall  view  of  the  experimental 
arrangement.  A GTE  Sylvania  Model  606  cw 
NdYAG  laser  is  used  as  the  irradiation  source. 
Details  of  the  construction  and  operation  of  the  high- 
pressure  cell  are  presented  in  Fig  2.  The  cell  was 
machined  from  stainless  steel  and  is  designed  to  with- 


Fig.  1 Laser  used  to  kill  bacteria  in  water  is  in  the  ob- 
long housing  at  right.  The  water  sample  is  in  the  small 
bolted  block  at  left. 
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Fig.  2 Schematic  diagram  of  high-pressure  cell. 


stand  gas  pressures  in  excess  of  1000  psig.  It  consists 
ol  two  vertically  connected  compartments.  In  the  one 
for  oxygenation,  a maximum  surface  area  of  the  sam- 
ple is  exposed  irradiation  occurs  in  the  other  cylin- 
drical compartment,  which  has  windows  sealing  both 
ends.  The  cross-sectional  area  of  the  irradiation  cham- 
ber is  0.77  cm-  and  the  length  is  -1  cm,  providing  a 
capacity  of  VI  cm5. 

Operation  of  the  cell  involves  filling  the  irradiation 
chamber  with  the  water  sample,  placing  the  top  in 
position,  tightening  the  retaining  holts,  applying  the 
desired  oxygen  pressure,  and  closing  the  gas  supply 
valve.  The  cell  is  then  inverted,  causing  the  sample 
to  fill  the  conically  shaped  oxygenation  compartment 
to  a depth  of  0.27  cm  with  an  exposed  area  of 
1 1 4 cm-.  To  ensure  that  the  dissolved  oxygen  is  in 
equilibrium,  the  cell,  still  inverted,  is  shaken  vigor- 
ously. The  cell  is  still  connected  to  the  oxygen  supply 
by  a length  ol  stainless  steel  hypodermic  needle  tubing 
of  small  diameter.  Finally,  the  cell  is  rotated  to  its 
original  position  and  set  in  place  for  irradiation. 

The  results  obtained  are  summarized  in  Fig.  3.  The 
kill  rate  constant,  k.  is  plotted  against  oxygen  pres- 
sure, /)„.  Thus,  if  the  initial  coliform  count  is  Al0 
(determined  from  the  control  sample),  the  number 
remaining  after  time,  /.  is 

Af  = AV*'. 

The  fact  that  k decreases  at  high  levels  of  dissolved 
oxygen  is  probably  due  to  quenching  of  the  laser- 
excited  oxygen  by  unexcited  oxygen  molecules. 

The  single  most  important  result  emerging  from 
this  investigation  is  that  bacteria  in  an  aqueous  envi- 


Fig.  1 Plot  of  effective  kill  rate  constant,  f.  versus  oxy- 
gen pressure. 
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ronment  may  be  inactivated  by  interaction  with  dis- 
solved ovygen  excited  to  the  electronic  state  by 
means  of  laser  radiation  at  1.064?  gin.  It  is  clear  that 
this  is  not  a thermal  effect  since  in  all  experiments 
the  rise  in  water  temperature  was  less  than  1 °C. 
Furthermore,  it  is  deduced  that  the  rate  of  energy 
transfer  from  excited  oxygen  molecules  averaged  over 
the  surface  of  a typical  bacterium  is  negligibly  small; 
thus  damage  to  the  organism  must  be  highly  localized, 
i.e.,  confined  to  the  point  of  energy  release. 

Theoretical  interpretation  of  the  experimental  data 
indicates  that  10s  collisions  of  0..(’Ae)  molecules 
with  a single  microorganism  are  required  for  inacti- 
vation. It  is  to  be  emphasized  that  these  experiments 
were  performed  with  raw,  unliltered  water  samples, 
representative  of  realistic  conditions.  The  presence  of 
various  organic  and  inorganic  chemical  substances 
could  only  shorten  the  collisional  deactivation  time, 
and  the  presence  of  particulate  matter  increases  the 
overall  optical  transmission  loss.  Of  great  importance 
in  any  future  research  is  the  development  of  a 
means  to  measure  the  collisional  deactivation  time  of 
0..('A„)  in  solution  to  permit  correlation  of  this 
quantity  with  col i form  deactivation  rates  for  a wide 
variety  of  water  samples. 

The  determination  of  the  collisional  deactivation 
time  is  important  tor  another  reason.  It  is  an  empiri- 
cal fact  that  chemical  substances  that  can  quench 
O,  i 1 efficiently  are  often  high  in  carcinogenicity. 


An  example  of  this  is  evidenced  by  experimental 
studies  ot  quenching  by  aromatic  hydrocarbons.  There- 
fore. samples  exhibiting  high  deactivation  rates  should 
be  subjected  to  a thorough  chemical  analysis  to  deter- 
mine whether  or  not  potentially  harmful  substances 
are  present. 

In  contrast  to  direct  sterilization  with  radiation  (as 
with  ultraviolet  at  260  nm),  the  process  investigated 
here  has  the  decided  advantage  that  the  exciting 
radiation  is  infrared  and  thus  is  unable  to  produce 
photochemical  changes  in  substances  present  in  the 
water.  Also,  since  no  chemicals  are  added,  prob- 
lems associated  with  disinfection  using  chlorine  are 
avoided. 
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STEADY-STATE  POLYMER  COMBUSTION 


< 

■ 


The  combustion  of  two  common  polymer s,  PVC  and 
Teflon,  was  studied  quantitatively.  A new  experimental 
technique  was  required  to  resolve  the  instantaneous 
stages  of  combustion  and  fix  them  in  steady  state, 
and  a theory  has  been  developed  to  interpret  some  of 
the  observations.  It  was  found  that  the  ignition  of  a 
polymer  is  characterized  by  a critical  surface  tempera 
ture  defined  to  within  1%.  We  also  determined  for 
PVC  the  chemical  sequence  ot  events  taking  place  at 
ignition. 


BACKGROUND 

Fires  commonly  involve  polymeric  materials,  solids 
of  high  molecular  weights  whose  molecules  arc  made 


up  of  repeating  units.  Some  examples  are  fabrics, 
plastics,  rugs,  foam  cushions,  and  wood. 

Improvements  in  fire  engineering  require  a scien- 
tific understanding  of  polymer  combustion;  therefore, 
we  studied  the  combustion  of  two  common  polymers, 
PVC  and  Teflon.  Previously,  the  time-dependent  na- 
ture of  the  combustion  of  solids  made  quantitative 
studies  difficult.  Our  first  task  was  to  develop  a new 
technique  to  avoid  this  difficulty. 

DISCUSSION 
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Hie  method  we  developed,  called  the  moving  wire 
technique  (Refs  I through  O.  resolves  the  instan- 


taneous  stages  of  polymer  combustion  and  holds  them 
fixed  in  steady  state  (Ret.  s’).  In  addition,  it  defines 
the  ignition  and  extinction  transitions  with  a precision 
typically  better  than  1%. 

The  polymer  is  coated  on  a supporting  metal  wire 
or  gloss  tiher  and  is  pulled  by  a variable  speed  motor 
through  a stationary  flame  (Fig.  IT  The  speed  is 
controlled  to  within  0.1  '"r  and  is  monitored.  Polymer 
burning  is  then  tixed  with  respect  to  a laboratory 
observer.  The  observation  time  is  limited  primarily 
by  the  supply  of  material,  and  precise  measurements 
can  be  made.  Samples  of  the  solid  phase  (Refs.  2 
and  3)  may  be  obtained  for  any  stage  of  combustion 
by  cooling  the  wire  rapidly  as  it  emerges  from  the 
flame  by  means  of  a cross  flow  of  cold  helium  gas. 
The  chemical  composition  of  gases  emitted  from  the 
polymer  is  observed  by  microprobe  sampling  with 
mass  spectral  analysis  (Ref.  V). 


Helium  gas  Variable 
1 80°C  speed  drive 


Polymer 

coated 

moving 

wire 


Solid 


quenching  „ 
probe  PumP 


Quartz  ^ 

microprobe  Mass  spectrometer 


Fig.  1 The  moving  wire  apparatus  with  an  O-.-rich 
flame,  showing  a mass  spectral  sampling  probe  and  the 
cold  helium  heat  extractor. 


The  surface  temperature  of  the  moving  wire  is 
measured  by  any  of  three  methods  (Ref.  4).  In  the 
first,  a thermocouple  is  in  rubbing  contact  w ith  the 
wire;  the  thermocouple  is  surrounded  by  a small 
oven  whose  temperature  is  adjusted  to  a null  point. 
The  second  method  makes  use  of  thermal  paints  (in 
the  nonburning  regimes  only).  In  the  third,  the 
polymer  is  coated  directly  on  a thermocouple. 

The  application  of  these  techniques  to  the  combus- 
tion of  Teflon  (Ref  1)  reveals  the  behavior  shown 
in  Fig.  2.  Teflon  burns  when  its  surface  temperature 
exceeds  M10°C  If  the  wire  speed  is  initially  too  fast 
for  the  Teflon  to  burn  but  is  gradually  decreased,  no 
chemical  changes  arc  observed  until  the  surface  tem- 


Fig.  2 Temperature  hysteresis  at  ignition  and  extinction 
of  « 30  Teflon  w ire.  Arrows  on  the  graphs  indicate  irre- 
versible transitions.  The  gas  phase  temperature  (upper 
graph)  was  measured  without  radiation  corrections  bv 
a 3— mil  Ft  versus  Ft  * l O ',  Rh  thermocouple  positioned 
where  the  polymer  flame  front  occurred.  The  surface 
temperature  was  measured  by  a null  point  technique. 


perature  reaches  ‘'00°C.  Then  burning  is  suddenly  es- 
tablished, the  transition  being  reproducible  to  lr, 
The  transition  temperature  is  independent  of  the  heat 
source  flame  and  the  wire  diameter. 

When  the  technique  is  applied  to  PVC  (Ref.  3). 
the  results  (Fig.  3)  suggest  the  following  behavior. 
As  the  surface  temperature  increases,  HC'l  is  evolved 
first.  This  gas  is  not  flammable  Evolution  of  gaseous 
benzene  begins  at  291  ± ’>t'C  When  O.  is  present 
in  the  heat  source  flame,  the  benzene  is  oxidized  with 
a liberation  of  heat,  some  of  which  feeds  back  to  the 
surface.  The  feedback  apparently  exceeds  surface 
losses  if,  and  only  if.  the  O,  level  exceeds  24  ± 2rr, 
since  only  then  does  burning  occur.  The  concentra- 
tion of  benzene  at  ignition  is  less  than  10  4 mole 
fraction  (100  ppm) 

We  are  currently  working  toward  a more  detailed 
understanding  of  ignition,  including  extensions  of  the 
theory  and  an  improved  experimental  resolution  of 
the  chemical  and  thermal  sequences  of  events 
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Fig.  .5  Chemical  and  thermal  sequence  of  events  for 
pure  PVC.  The  gases  were  sampled  at  the  right  edge  of 
the  source.  The  surface  temperature  was  controlled  by 
the  speed  of  the  wire.  Flames  of  O and  74rc  O2  are 
compared. 


Authors:  L.  W.  Hunter.  R.  A/.  Fristrom.  and  C.  Grun- 
felder 

Support:  U.S.  Department  of  Commerce.  National  Fire 
Prevention  and  Control  Administration 


FIRE  INFORMATION 


\\ 

i 


Unwanted  fire  is  a complex  problem  whose  solution 
calls  for  expertise  in  many  disciplines.  To  promote 
understanding  and  information  transfer  between  the 
various  professionals  engaged  in  fire  problems  and 
thus  enhance  the  probability  of  successful  solutions,  a 
Fire  Sciences  Dictionary  was  compiled  and  the  publica- 
tion of  a bimonthly  Fire  Technology  Abstracts  journal 
was  undertaken. 


BACKGROUND 

In  this  age  of  change  and  technological  innovation, 
there  is  an  increasing  interdependence  between  work- 
ers in  specialized  fields  and  a commensurate  need  for 
freer-flowing  channels  of  communication.  As  each  spe- 
cialty grows,  so  does  its  particular  vocabulary.  Lan- 
guage intelligible  to  one  group  is  likely  to  be  gibberish 
to  everyone  else. 


The  difficulty  with  the  technical  literature  is  that 
specialists  tend  to  publish  their  papers  in  journals  de- 
voted to  their  particular  specialty  and,  largely  because 
of  time  constraints,  to  follow  regularly  only  a re- 
stricted set  of  journals.  Thus,  useful  papers  can  be 
missed  because  they  are  published  in  unfamiliar  jour- 
nals. Moreover,  patents,  reports,  and  unpublished  or 
irregular  tvpes  of  literature  are  not  announced  con- 
veniently and  thus  are  not  seen  by  those  who  could 
benefit  most  from  them. 

The  language  and  literature  problems  arc  so  preva- 
lent that  a well-known  authority  in  management  sci- 
ence, Kenneth  Boulding,  was  provoked  to  lament 
"Physicists  only  talk  to  physicists,  economists  to  econo- 
mists, . . . [so  that]  one  wonders  sometimes  it  science 
will  not  grind  to  a stop  in  an  assemblage  of  walled-in 
hermits,  each  mumbling  to  himself  words  in  a private 
language  that  only  he  can  understand." 
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DISCUSSION 

The  decision  to  compile  .1  dictionary  was  predicated 
on  the  broad  technical  background  held  by  members 
of  the  l ire  Problems  Program  group  in  the  research, 
technical,  and  practical  aspects  of  the  fire  problem. 
However,  background  alone  is  insufficient  to  produce 
a useful  dictionary.  The  intended  compiler  must  first 
learn  the  art  of  lexicography.  Procedures  must  be 
worked  out  to  find  appropriate  terms,  define  them, 
and  arrange  them  in  order,  with  cross-references. 
To  perform  this  task,  the  APL  computer  and  the 
INFO-360  package  of  programs  proved  to  be  a boon. 
Use  erf  the  computer  to  maintain  the  dictionary  file 
eliminated  an  enormous  load  of  housekeeping,  file 
cards,  alphabetizing,  and  other  manual  chores.  Clean 
drafts  could  be  produced  at  regular  intervals,  and 
reciprocity  loops  could  be  checked  automatically. 

In  1973,  a preliminary  version  of  the  dictionary 
contained  about  3000  terms  drawn  from  73  fields 
of  science,  technology7,  and  practice,  ranging  from 
anatomy  to  transportation.  It  was  printed  as  an  API. 
report  and  circulated  to  approximately  230  tire  spe- 
cialists for  comment.  Responses  were  uniformly  en- 
couraging, and  the  decision  was  made  to  seek  a com- 
mercial publisher. 

Wilev  Interscience  offered  a contract,  and  work 
commenced  on  enlarging  and  refining  the  manuscript. 
More  than  4000  terms  and  definitions  were  added. 
Since  each  term  was  tagged  with  the  discipline  from 
which  it  was  drawn,  it  was  a simple  matter  to  print 
selected  lists  of  terms  on  the  computer.  A panel  of 
reviewers  was  organized  to  ensure  accuracy.  Medical 
terminology  was  submitted  to  a medical  doctor,  for- 
estry terminology  to  a forestry  specialist,  fire  service 
terminology  to  a fire  chief,  and  so  on.  W hen  the  re- 
view was  completed,  the  file  was  updated  and  a fair 
copy  was  delivered  to  the  publisher  for  reproduction. 

There  is  little  doubt  that  this  book  will  be  a useful 
reference  tool,  not  only  for  scientists  and  practitioners 
in  the  fire  community  but  also  for  students  who  in 
ever-increasing  numbers  are  taking  courses  in  the  fire 
sciences. 

Efforts  to  organize  fire  literature  and  to  make  it 
more  easily  accessible  to  the  fire  community  ran  paral- 
lel to  preparation  of  the  dictionary.  The  only  prior  fire 
information  reference  source  in  English,  aside  from 
Fire  Research  Abstracts  and  Reviews  (FRAR),  which 
is  devoted  largely  to  basic  research,  was  the  monthly 
Library  Accession  Luts  of  the  British  Building  Re- 
search Fstablishment's  Fire  Research  Station  and  its 
semiannual  cumulations,  References  to  Scientific  Lit- 
erature on  Fire.  Unfortunately,  the  Lists  have  only 


titles  and  bibliographic  data  and  lack  indexes  until 
the  cumulations  are  published.  Moreover,  the  subject 
scope  is  biased  toward  the  needs  of  the  Building  Re- 
search staff. 

In  1972,  the  Soviet  Abstracts  Journal  (Referatn  n\ 
ZburnaJ)  began  publication  of  a monthly  reference 
journal.  Fire  Protection  ( Pozharnaya  Okbrana),  as 
No.  68  in  its  series  devoted  to  specific  information 
areas.  Although  well  conceived  and  executed,  this 
journal  is  useless  unless  one  reads  Russian. 

In  1974,  the  documentation  section  (Fachdokumen- 
tation)  of  the  Fire  Protection  Engineering  Center 
at  Karlsruhe  l University  in  the  Federal  Republic  of 
Germany  began  issuing,  on  a small  scale,  a monthly 
set  of  some  100  abstracts  of  the  world's  fire  literature 
in  the  form  of  4-  by  6-in.  cards  designed  to  become 
a file  index.  But  here  again  language  is  a difficulty. 

In  view  of  the  lack  of  an  adequate  fire-technologv 
reference  source  in  English,  the  staff  of  the  Fire  Prob- 
lems Program  of  API.  proposed,  in  1973.  a modest 
project  of  translating  the  Soviet  Abstracts  Journal  into 
English.  They  illustrated  the  feasibility  of  this  en- 
deavor by  preparing  a trial  issue,  which  was  published 
in  FRAR  in  early  1974. 

Simultaneously  and  subsequently,  other  expedients 
were  tried  to  help  bridge  the  fire-literature  informa- 
tion gap.  A trial  issue  of  Fire  Information  Summaries 
with  journal  tables  of  contents  and  meeting  announce- 
ments was  published  in  the  fail  of  1973.  Toward  the 
end  of  1974,  Fireliter.  a fire  literature  review,  was 
patterned  essentially  after  the  preceding  effort  but 
with  the  addition  of  a subject  index  prepared  from 
individual  words  and  word  strings  in  the  article  titles. 
" IT  reliter  1974'  and  "Fireliter  1975"  were  published 
in  FRAR 

In  the  spring  of  1973,  APL  submitted  a proposal 
to  the  National  Fire  Prevention  and  Control  Adminis- 
tration for  the  preparation  ef  Fire  Technolog)  Ab- 
stractr.  an  announcement  journal  devoted  exclusively 
to  literature  on  tire  technology.  This  proposal  led  to 
an  agreement  that  APL  would  compile  the  journal 
and  the  Government  Printing  Office  would  publish  it 
bimonthly. 

A topical  arrangement  of  1 3 categories  and  a suit- 
able number  of  subcategories  was  devised.  Journal 
formatting  was  to  be  accomplished  by  means  of  the 
APL  INFO  lot)  pail  ige  of  computerized  text  w riting 
programs,  which  allows  for  the  generation  of  indexes 
of  author,  subject,  source,  and  report  number  Quality 
control  of  the  journal  was  assured  by  the  enlistment 
of  prominent  members  of  the  international  tire  com- 
munity as  Editorial  Advisory  Board.  The  first  issue  of 


Fire  Technology  Abstracts.  Vol.  1,  No.  I,  was  de- 
livered in  the  middle  of  August  1976  Sample  copies 
distributed  nationally  and  internationally  have  been 
received  with  considerable  favor.  Publication  of  the 
first  six  issues  by  GPO  is  assured. 
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INTRODUCTION 


Efficient  transportation  of'  people-  and  commodities  has  a high  economic 
and  environmental  v.ilue  to  our  society  111  is  is  1 1 lust  rates!  by  the  t act  th.it 
the  tr.insport.ihon  sector  of  the  economy  consumes  approximately  2"'r'c  of 
the  U S energy  budget  API  has  conducted  major  programs  to  improve 
transportation  in  our  urban  centers  since  1 000  It  also  conducts  other  pro- 
grams in  other  transportation  areas  unhiding  transport  of  hulk  commodities 
on  our  inland  seas  and  waterw  ays. 

Public  transportation  in  the  US  has  suffered  a severe  decline  in  recent 
decades  as  a result  •>!  the  dispersed  travel  patterns  characteristic  ot  our 
urban  areas,  the  inability  of  public  transportation  to  compete  w ith  the  auto- 
mobile m convenience  and  travel  time,  and  the  sharply  rising  labor  costs 
of  the  last  decade  However,  because  of  the  nerd  to  provide  an  alternative 
to  the  automobile,  interest  has  increased  in  the  development  ot  fully  auto- 
mated transit  systems  that  eventitaJh  may  lx-  able  to  provide  a high  level 
of  service  to  an  entire  metropolitan  region  C urrent  interest  in  these  systems 
has  focused  on  their  ability  to  provide  circulation  w ithin  high  activity  areas, 
such  as  central  business  districts,  large  shopping  and  commercial  areas,  univer- 
sities, and  airports.  These  high  activity  areas  are  characterized  by  a high  level 
of  street  congestion  and  bv  trips  beyond  convenient  walking  distance  but  too 
short  to  be  accommodated  bv  the  automobile  when  parking  and  imparking 
considerations  are  taken  into  account.  The  interest  in  these  systems  is  reflected 
in  the  Federal  (lovernment  s Downtown  People  Mover  Program,  which  will 
install  these  automated  systems  m several  downtown  fixations. 

API  has  been  involved  m two  aspects  of  the  development  of  a research 
and  development  effort  directed  at  establishing  the  rcx|iiirements  and  con- 
straints ol  the  automated  control  system,  at  investigating  various  approaches 
to  solving  the  control  problem,  and  at  a technical  support  ctfort  that  provides 
technical  assistance  to  public  agencies  in  the  conduct  ot  their  automated 
transit  system  programs.  The  following  articles  describe  specific  aspects  ot 
this  work  performed  during  the  past  year. 

The  l aboratory  has  been  investigating  for  a number  ot  vears  the  require- 
ments imposed  upon  the  automated  control  system  as  the  headway  fie.,  the 
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spacing  between  vehicles!  in  retimed  This  work  showed  t li.it  the  require- 
ments imposed  In  passenger  comfort  contheted  \\  1 1 1 > the  requirements  mi 
pfsetl  by  safety  during  transitions  In  .1  vehicle  trtmi  long  ti<  short  headways 
ylcss  than  three  seconds  hetween  vehicles)  in  stnh  a manner  as  to  treaty 
instabilities  m the  operation  ot  a tehule  The  work  hi  Pile  describes  an 
approach  that  unhides  these  requirements  in  the  control  law  and  thus  results 
in  improved  performance  throughout  the  range  t't  operating  headways  1 his 
work  is  tout uui my;  111  an  effort  to  define  (lit  hardware  requirements  tor  the 
control  system. 

The  technical  support  effort  has  assisted  public  agencies  in  planning  their 
programs,  in  monitoring  and  reviewing  system  suppliers,  designs,  and  studies, 
and  in  conducting  test  programs  and  analyzing  test  results  on  specific 
systems.  This  work  has  been  primarily  tunded  b\  the  Tedcr.il  l than  Mass 
transportation  Administration  (I'MTAf  but  also  includes  salety  studies  on 
automated  transit  lor  the  Province  ot  Ontario  and  involvement  111  the  Haiti 
more  City  Oowntown  People  Mover  Program  A11  example  ot  this  work  is 
provided  by  Kcrshner  in  the  description  ot  a computer  model  tor  assessing 
the  performance  ot  Automated  liuidevvay  Transit  Systems  This  model  is  to 
be  used  in  assessing  the  impact  ot  various  operational  policies  on  system 
performance  and  tor  examining  the  tradeoffs  among  various  design  param 
eters  such  as  vehicle  size,  fleet  size,  operating  costs,  passenger  service  quality, 
and  system  depcndahiliti  This  work  is  continuing  as  part  ot  the  I MIA 
Advanced  Croup  Rapid  Transit  Program  to  provide  information  on  the 
requirements  imposed  upon  these  sc  stems  by  potential  applications 

Reliable,  uninterrupted  tlow  ot  commodities  is  essential  to  the  economic 
health  ot  our  nation  Our  inland  waterways  have  long  provided  a secure, 
low  cost  means  lor  transpiirt.it ion  ol  materials  and  bulk  API  has  part  10 
paled  m a continuing  effort  to  maintain  this  system  at  the  level  o!  the 
currently  available  technology  In  a program,  under  V oast  tluard  sponsorship, 
directed  at  improving  navigational  aids  on  inland  waterways  The  spec  1 tic 
problem  addressed  is  that  ot  adapting  a loran  t navigational  system  to  guid- 
ing ore  carriers  on  the  confined  waters  ot  the  Vcreat  lakes 
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A STATE-CONSTRAINED  APPROACH 
TO  VEHICLE-FOLLOWER  CONTROL  FOR 
SHORT-HEADWAY  AUTOMATED  TRANSIT  SYSTEMS 
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The  longitudinal  control  of  automated  transit  ve- 
hicles at  very  short  headways  (0.5  to  3.0  s)  presents 
several  control  problems  that  preclude  the  use  of  a 
linear  time  invariant  feedback  design.  Thus,  a control 
that  is  a nonlinear  function  of  states  was  developed 
and  is  shown  to  resolve  the  difficulties  encountered  at 
these  short  headways. 


BACKGROUND 

Vehicle  following  in  .in  automated  transit  system 
is  a longitudinal  control  scheme  wherein  the  state 
(i.e.,  velocity  and  position  1 of  a given  vehicle  is  de- 
termined by  the  behavior  of  the  preceding  vehicle. 
Several  investigators  (Refs.  1 and  .’ ) have  studied 
the  feasibility  of  this  approach  when  a linear  constant- 
gain  regulator  is  used  to  control  perturbations  from 
a nominal  operating  condition.  Recently.  Stupp  et  al 
(Ref.  3)  have  shown  that  at  time  headways  (i.e.,  the 
time  between  successive  vehicles  passing  a fixed  point 
on  the  guideway)  of  less  than  3 s,  a fundamental 
kinematic  constraint  creates  bounds  on  vehicle  motion. 
This  constraint  dictates  a minimum  allowable  spacing 
between  vehicles  that  is  a function  of  trailing  vehicle 
state,  preceding  vehicle  state,  and  the  future  maneuver 
capability  of  each  vehicle. 

For  a situation  where  a trailing  vehicle  is  overtak- 
ing a slower  moving  preceding  vehicle,  it  is  shown 
(Ref.  3)  that  the  kinematic  constraint  determines  the 
point  at  which  the  trailing  vehicle  must  switch  to  a 
closed  loop  regulation  mode  of  operation.  As  a result, 
the  bandwidth  requirement  for  the  closed  loop  regu 
lator  at  short  headways  is  inconsistent  with  the  large 
initial  values  of  vehicle  motion;  i.e  , the  system  r< 
spouse  to  these  initial  conditions  typically  leads  to 
violations  of  comfort  criteria  and  the  kinematically 
required  spacing. 

The  nonlinear  controller  discussed  below  esplii  itly 
includes  the  kinematic  constraint  in  the  control  law 
and  consequently  provides  near-optimal  performance 
while  satisfying  safety  requirements  under  all  operat- 
ing conditions  The  importance  of  this  approach  is 
that,  for  the  first  time,  the  state  constraints  inherent 
in  a vehicle- following  strategy  arc  expressed  as  part 
of  the  control  scheme.  Thus,  it  affords  a general  for- 
mulation and  systematic  method  that  designers  may 
adapt  for  future  work. 


DISCUSSION 

The  kinematic  constraint  is  a result  ot  a fundamen- 
tal characteristic  of  vehicle  following;  i c , future  ma- 
neuvers of  a preceding  vehicle  are  not  know  n by  a 
trailing  vehicle.  During  normal  operation,  safety  con- 
siderations require  that  the  trailing  vehicle  controller 
anticipate  a nonemergency  minimum  time  deceleration 
to  minimum  line  speed  by  the  preceding  vehicle  at 
any  time.  The  time  and  distance  required  to  complete 
such  a maneuver  are  functions  of  the  velocity  limits 
and  l',,,.,,).  service  acceleration  limit  (.1,). 
service  jerk  limit  (/,),  vehicle  velocity  (I  ),  and 
vehicle  acceleration  (of).  The  resulting  time  and  dis 
tance  required  of  each  vehicle  for  a given  set  of 
vehicle  states  then  determine  the  minimum  allowable 
spacing  (Fig.  1).  Flic  minimum  spacing  is  given  by 

Sm,„  = Xr  - Xr  - J,T  - 

- 1%.,-.  (jrT  - t,n  + /d'.„„  (P 

where  X,.  and  Xr  are  the  trailing  and  preceding  ve 
hide  positions,  and  are  the  distances  required 
for  the  trailing  and  preceding  vehicles  to  decelerate 
to  minimum  line  speed,  t,T  and  l,r  are  the  times  re 
quired  for  the  trailing  and  preceding  vehicles  to  de 
celerat ••  to  minimum  line  speed,  and  />  is  the  desired 
headway 
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Fig.  1 Minimum  spacing  required  hy  kinematics. 

The  term  /’l'„M„  represents  the  desired  spacing 
when  both  vehicles  are  at  with  zero  acceleration 

Hence,  it  constitutes  a residual  term  that  specifies  the 
desired  spacing  when  the  kinematic  ally  required  spac 
ing  is  zero  As  a result,  any  suitable  tailor  may  be 
used  and  not  necessarily  h\  In  tact,  it  will  be 
shown  that  using  b\’ T (l'r  is  the  trailing  vehicle 
velocity)  rather  than  /•!  „ simplifies  the  control 

problem  Moreover,  cither  vehicle-following  strategies 
may  be  used  bv  including  the  appropriate  term  in  the 
constraint  function 
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The  kinematic  constraint,  r(x),  is  described  in 
terms  of  vehicle  spacing,  .S',  as  follows: 

-S<0  (2) 

where  Sm , „ is  given  by  Ftp  t.  Note  that  the  presence 
of  this  constraint  is  only  significant  at  short  headways 
because  the  nominal  spacing,  h\'r,  typically  is  less 
than  .S',,,,,,.  As  b becomes  larger,  the  nominal  spacing 
always  exceeds  the  minimum  required  spacing  and  the 
constraint  may  be  ignored. 

The  vehicle  following  problem  may  now  be  for- 
mulated into  the  optimal  regulator  with  a linear  plant 
and  an  infinite  time  integral  quadratic  performance 
index.  That  is,  a plant  of  the  form 

x “ .‘lx  + b«  (3) 

is  assumed,  where  x is  the  //-dimensional  state  vector, 
u is  the  scalar  control,  A is  a constant  //  X n matrix, 
and  b is  a constant  //-dimensional  vector.  The  per- 
formance index  is  of  the  form 

/ = J [x^x  + (4) 

0 

where  O is  a constant  positive  semidetinite  //  X // 
matrix.  In  addition,  a constraint  vector  is  given  by 
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where  A is  vehicle  acceleration  and  / is  vehicle  jerk 

The  design  problem  is  to  minimize  Eq.  -1  subject  to 
Eqs.  3 and  s with  the  aim  of  producing  an  instru- 
mentable  solution.  Saridis  (Ref.  4)  presents  an  ap- 


proximate solution  based  on  observations  of  the  geo 
metric  features  of  the  optimal  constrained  trajectories. 
A dual-mode  controller  is  proposed  siuh  that  the  sys 
tent  follows  the  optimal  unconstrained  trajectories  de- 
termined by  the  steady  state  Kicatti  equation  when  the 
presence  of  the  constraint  has  little  effect  upon  the 
solution.  When  the  unconstrained  solution  tends  to 
violate  the  constraint,  a nonlinear  mode  is  introduced 
to  keep  the  solution  on  the  boundary  of  the  constraint 
region.  The  technique  may  be  adapted  to  the  present 
problem  with  some  modification. 

A triple  integration  plant  is  assumed,  w ith  the  state 
equation  given  by 

x — ."lx  + h/r  + gfr 

where 

x=  (.V  VT  Ar  l'r  ArY 

and  .4r.  I V and  /,.  are  the  preceding  vehicle's  accel- 
eration, velocity,  and  jerk,  respectively.  The  prime  de- 
notes transpose.  The  control  input  to  the  trailing 
vehicle  is  a jerk  command.  /r.  It  the  initial  states  are 
such  that  c(x)  is  zero,  then  a necessary  and  sufficient 
condition  for  /(xl  to  remain  zero  is  that  its  time 
derivative  is  zero  or 

lr=  — V r'b>  1 V.V3x  + gM  . fo3 

This  constitutes  the  nonlinear  mode  of  the  dual-mode 
controller  proposed  by  Saridis.  Rather  than  solving 
for  the  linear  gains  in  the  unconstrained  problem, 
however,  an  on-limits  jerk  command  is  used  at  a speci- 
fied distance  from  the  kinematic  constraint  boundary. 
The  controller  structure  then  takes  the  form  shown 
in  Fig.  2. 


Trailing  vehicle  states 


Fig.  2 Controller  structure. 
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The  error  calculation  consists  of  determining  the 
difference,  f=  — c(x),  between  the  actual  vehicle 
spacing  and  the  kinematically  required  spacing.  When 
this  error  is  zero,  the  kinematic  boundary  control 
given  by  Eq.  6 is  implemented  (/,.  = /r).  When  it  is 
less  than  zero,  the  vehicle  is  violating  the  constraint 
( i.e. , it  is  too  close).  The  negative  jerk  limit  is  gradu- 
ally applied  until,  when  the  error  is  — A,  the  on-limit 
negative  jerk  command  becomes  the  input  to  the  sys- 
tem (/,.  = — /,).  Similarly,  when  the  error  is  greater 
than  zero,  the  vehicle  is  safely  satisfying  the  kine- 
matic constraint  and  a positive  jerk  may  be  applied 
(/,.  = /,') . The  parameter  A,  effectively  a gain  in  the 
system,  is  selected  through  consideration  of  closed- 
loop  stability  using  a describing  function  analysis 
(Ref.  3). 

The  kinematic  constraint  (Eq.  2)  may  be  modified 
to  replace  the  desired  final  spacing,  hVmin,  with  hV  T. 
Therefore,  the  kinematic  boundary  will  coincide  with 
the  nominal  operating  headway  and  the  controller 
will  act  to  maintain  the  desired  spacing  for  any  value 
of  VP  greater  than  Vmi„. 

The  performance  of  this  controller  has  been  evalu- 
ated by  means  of  computer  siniuljtions  for  a variety 
of  circumstances  (Ref.  3).  It  reacts  properly  to  any 
nominal  maneuver  of  a preceding  vehicle  during  both 
an  overtake  situation  and  at  the  desired  headway  while 
precisely  maintaining  the  kinematically  required  spac- 
ing. As  seen  in  Eq.  6,  however,  the  informational 
requirement  consists  of  the  complete  state  vector,  x, 
and  the  preceding  vehicle  jerk,  /,,.  This  requirement 
may  be  reduced  by  simplifying  the  kinematic  con- 
straint so  that  the  resulting  control  will  always  keep 
the  vehicle  outside  the  actual  kinematic  boundary  but 
will  require  less  information.  As  a result,  a variety 
of  suboptimal  controls  may  be  generated  where  each 
increasingly  simplified  controller  takes  progressively 
longer  to  complete  a maneuver  (Ref.  3). 

The  simplest  controller  consists  of  a kinematic 
boundary  control  law  that  is  a linear  combination  of 
error  states  (i.e.,  spacing,  relative  velocity,  relative 
acceleration)  and  trailing  vehicle  states.  An  example 
of  its  implementation  in  a five-vehicle  string  is  shown 
in  Fig.  3.  Initially,  the  first  two  vehicles  are  spaced 
100  m apart  while  the  remaining  vehicles  are  spaced 
30  m.  The  lead  vehicle  is  traveling  at  I'm  s and  the 
four  following  vehicles  have  velocities  of  23  m s At 
20  s,  the  lead  vehicle  decelerates  on  limits  to  10  m s, 
where  the  jerk  and  acceleration  limits  are  set  at 
2.6  m./s*  and  2.6  m s?,  respectively.  All  trailing  ve- 
hicles respond  appropriately  to  the  maneuver  and  de- 
celerate to  10  m/s.  If  each  vehicle  had  not  been  at 
the  proper  spacing  as  demanded  by  the  kinematic  con- 
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I ig.  \ Response  of  five  vehicle  string  with  hcadwa\  of 
0.5  s. 
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straint,  collisions  would  have  occurred.  Also  note  that 
the  response  exhibits  string  stability,  i.e.,  disturbances 
do  not  propagate  with  increasing  amplitude  through 
the  vehicle  string. 

In  conclusion,  a vehicle  following  control  law  has 
been  designed  that  explicitly  considers  the  state  con- 
straints defining  the  capabilities  of  each  vehicle  as  de- 
termined by  the  jerk  and  acceleration  limits  imposed 
to  assure  passenger  safety  and  comfort.  These  con- 
straints lead  to  an  approximately  optimal  nonlinear 
controller  design  that  may  satisfactorily  control  tran- 
sient events  such  as  overtaking  a slower  moving  ve- 
hicle at  short  headways. 

The  major  advantage  of  the  state  constrained  ap- 
proach would  be  to  provide  uniformity  in  control  for 
a variety  of  situations  such  as  merging,  emergency 
operation,  and  overtaking  a preceding  vehi  !e  C onse- 
quently, it  suggests  a simplified  controller  as  opposed 
to  a collection  of  ad  hoc  procedures  to  handle  these 
conditions. 
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A PERFORMANCE  ASSESSMENT  TOOL 

FOR  AUTOMATED  GUIDEWAY  TRANSIT  SYSTEMS 


The  planning  and  preliminary  design  ol  Automated 
Guideway  Transit  (AGT)  tor  urban  applications  re- 
quires decisions  concerning  subsystem  design  ap- 
proaches and  performance  specifications.  A computer 
model  developed  to  perform  these  studies  relates 
system-oriented  and  passenger  oriented  performance 
measures  to  system  design  characteristics  and  operat- 
ing policy  options. 


t.ition  Administration's  Downtown  People  Mover  Pro- 
gram. Four  cities  have  Seen  chosen  for  preliminary 
design  studies  of  AGT  systems  used  in  downtown 
circulation. 


BACKGROUND 


AGT  is  currently  under  consideration  at  both  the 
local  and  federal  levels  as  a future  mode  of  urban 
transportation.  The  systems  are  characterized  hv  ve- 
hicles of  small  to  intermediate  capacity  (6  to  40  pas- 
sengers) operating  under  fully  automatic  control  over 
a network  of  dedicated  rights-of-way.  The  develop- 
ment status  of  AGT  systems  ranges  from  conceptual 
design  to  fully  operational  systems  in  special-purpose- 
applications  (eg.,  airports,  college  campuses,  and 
amusement  parks).  Near-term  urban  deployment  of 
AGT  is  anticipated  under  the  Urban  Mass  Transpor- 


Because  AGT  is  a new  and  undemonstrated  form 
of  urban  transit  technology,  its  performance,  design, 
and  operating  tradeoffs  and  interactions  are  not  well 
established.  The  planning,  development,  and  acquisi- 
tion of  an  urban  AGT  system  involves  both  the  svs 
tern  owner  operator  and  system  developers  in  an  itera 
tive  design  process  (Fig.  I)  The  objective  of  the 
process  is  to  decide  on  a mutually  acceptable  design 
configuration,  set  of  performance  specifications,  svs 
tem  cost,  and  construction  schedule.  Many  alternative 
network  configurations,  system  design  characteristics, 
and  operating  policies  must  be  evaluated  The  com- 
puter model  developed  in  this  study  provides  a tool 
for  the  operator  and  system  developer  to  use  in  these 
evaluations  A more  complete  desc  notion  of  the  model 
and  a demonstration  of  its  application  in  the  evalua- 
tion of  two  types  of  AGT  network  configurations  arc- 
presented  in  Kef.  I 
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Fig.  1 AGT  design  process. 


DISCUSSION 

The  AGT  performance  assessment  model  is  struc- 
tured to  provide  an  effective,  low-cost  method  for 
performing  design -performance  tradeoff  studies  in  the 
planning  and  preliminary  design  stages  for  an  urban 
AG r system.  The  model  assumes  steady-state  operat- 
ing conditions  and  requires  a description  of  the  AGT 
system  at  the  major  subsystem  level.  This  level  of 
analysis  is  appropriate  for  preliminary  design  pur- 
poses when  many  design  alternatives  and  operating 
policy  options  are  evaluated  for  a variety  of  network 
configurations  and  demand  models. 

The  assessment  model  consists  of  four  program 
modules  (Fig.  2).  The  first  module  creates  data  files 
containing  descriptions  of  the  network  characteristics, 
the  travel  demand  data,  and  the  "shortest  paths"  be- 
tween all  station  pairs  in  the  network  The  second 
develops  a system  of  service  routes  that  are  consistent 
with  the  operating  policy  parameters  input  to  the 
module  by  the  user.  The  third  allocates  service  fre- 
quencies (vehicles  per  hour)  to  each  route  by  formu- 
lating and  solving  a linear  programming  problem  that 
minimizes  vehicle  miles  traveled,  subject  to  constraints 
on  route  demand,  link  capacity,  and  conservation  of 
flow.  The  fourth  computes  the  resulting  system  oper- 
ating statistics,  passenger  service  measures,  and  system 
dependability  measures.  The  dependability  measures 
arc  computed  by  incorporating  the  trip  dependability 
model  of  Ref.  2 in  the  program  module. 

The  model  has  been  applied  to  assess  the  perfor- 
mance characteristics  of  AGT  systems  in  a variety  ot 
network  configurations.  The  studies  demonstrated  the 
sensitivity  of  system  performance  to  operating  policy 
parameters  and  to  vehicle  capacity.  The  rate  at  which 
vehicles  can  he  processed  through  stations  was  identi- 


Fig.  2 AGT  performance  assessment  model 


tied  as  potentially  being  the  most  limiting  factor  to 
AGT  system  capacity.  System  dependability  is  a key 
factor  in  the  success  of  urban  AGT  applications.  The 
potential  improvement  in  system  dependability  result 
ing  from  more  reliable  equipment  and  from  the  im- 
plementation of  techniques  to  expedite  recovery  from 
a system  malfunction  was  investigated 

One  of  the  network  configurations  evaluated  is 
shown  schematically  in  Fig  V Consisting  of  approxi- 
mately 200  lane-miles  of  guidewav  and  'K  station 
Ioc.it  ions,  it  includes  a downtown  circulation  section, 
multiple  line  haul  corridors,  and  several  circumferen- 
tial lines  for  direct  corridor-to-corrulor  travel  The 
morning  peak  travel  demand  was  assumed  to  be 
61  000  passengers  per  hour. 


96 


I 


Fig.  3 Configuration  of  an  urban  regional  AGT  net- 
work. 


This  network  was  studied  to  compare  the  perfor- 
mance of  12-  and  24-p.isscnger  vehicles.  More  than 
300  service  routes  were  generated  by  the  model  to 
satisfy  the  operating  policy  constraints  that  all  station- 
to-station  trips  have  a maximum  waiting  time  of  five 
minutes,  a maximum  of  six  stops  at  intermediate  sta- 
tions, and  no  vehicle  transfers.  The  results  of  the 
comparison  are  presented  in  Table  1 . Although  the 


TABLE  1 

COMPARISON  OF  SYSTEM  PERFORMANCE 
FOR  12-  AND  24-PASSENGER  VEHICLES 


Vehicle  Capacity 

1 2- Passenger 

24— Passenger 

Link  flow  (vehicles/hour) 
Maximum 

1100 

700 

Average 

383 

400 

Station  flow  (vehicles/hour) 
Maximum 

fi-’R 

339 

Average 

383 

232 

Fleet  si/e  (vehicles) 

3133 

2121 

Vehicle-miles  hour 

89  130 

61  030 

System  load  factor 

0.42 

0.31 

Passenger  serv  ice 

Average  waiting  time 
( minutes) 

1.2 

1.8 

Average  trip  speed 
(mph) 

27.9 

26.7 

Average  No.  of 
intermediate  stops 

1.8 

1.7 

Average  excess  trip  time 
(minutes) 

3.0 

3.3 

System  dependability 

Average  probability  of 
delay-free  trip 

0.88 

0.93 

levels  of  service  are  nearly  equivalent  for  both  vehicle 
sizes,  the  traffic  management  problem  is  substantially 
reduced  with  24— passenger  vehicles  because  of  the 
smaller  link  and  station  flows.  In  addition,  the  de- 
pendability of  service,  as  measured  by  the  probability 
of  a delay-free  trip,  was  significantly  greater  for  the 
larger  vehicles  (vehicle  failure  rates  were  assumed  to 
be  equal  for  the  two  sizes). 
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ST.  MARYS  RIVER  COGLAD 
NAVIGATION  SYSTEM 
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An  APL-developed  Coast  Guard  Loran  Assist  Device 
(COGLAD)  was  improved  and  used  to  provide  continu- 
ous navigation  guidance  in  field  tests  aboard  Coast 
Guard  vessels  from  January  through  July  1976.  A 
short-baseline  loran-C  was  used  in  these  tests  tor  the 
first  time  as  an  aid  to  piloting  large  vessels  between 
Lake  Superior  and  Lake  Huron  via  the  St.  Marys  River. 
The  overall  position  accuracy  of  the  system  in  a se- 
lected area  of  the  river  was  30  to  45  ft. 


BACKGROUND 

The  St.  M.irvs  River  forms  part  of  the  United 
States  and  Canadian  border  and  links  Lake  Superior 
and  Lake  Huron.  Throughout  much  of  the  65  mi  of 
river,  large  vessels  (up  to  1000  ft  in  length  and  105 
ft  in  beam)  are  confined  to  dredged  channels  no 
more  than  300  ft  in  width.  To  facilitate  movement 
of  the  large  volume  of  traffic,  the  Coast  Guard  main- 
tains an  extensive  array  of  buoys,  day  beacons,  and 
visual  ranges  as  well  as  a radio  vessel  reporting  sys- 
tem. However,  to  extend  the  winter  shipping  season, 
additional  piloting  aids  are  needed  to  compensate  for 
frequently  poor  visibility,  buoys  removed  or  pushed 
under  the  ice,  and  confusing  radar  returns  because 
of  ice  ridges. 

In  1967,  API.  developed  a Loran  Assist  Device 
(LAD)  for  a military  operation  that  required  pre- 
cision guidance  ot  aircraft.  Since  then,  API.  has  devel- 
oped a number  of  newer,  more  sophisticated  versions 
of  the  original  LAD.  In  1970,  the  Coast  Guard 
funded  API.  to  develop  a civilian  version  that  became 
known  as  COG  LA  D (Ret.  1).  Two  COGLAD  sys- 
tems were  eventually  built  for  the  Coast  Guard  and 
have  been  used  experimentally  for  positioning  buoys 
in  Lake  Huron,  ice  patrol  in  the  North  Atlantic,  and 
oceanographic  research  in  the  Gulf  Stream.  COGLAD 
was  patented  by  API.  in  1974,  and  the  patent  was 
signed  over  to  the  Government  to  ensure  that  the 
technology  would  remain  available  to  all.  One  ot  the 
COGLAD  systems  (Ref.  7),  specifically  modified  in 
late  1975,  was  used  tor  testing  aboard  Coast  Guard 
vessels  on  the  St.  Marys  River  from  January  through 
July  1976. 


DISCUSSION 

The  St.  Marys  River  loran  minichain  operated  by 
the  Coast  Guard  is  ielciific.il  functionally  to  a conven- 
tional loran  C chain  except  that  it  has  shorter  base- 


lines (i.e,  the  transmitters  are  closer  together ) and 
uses  lower  power  transmitters  l'our  transmitters  arc- 
used  in  a diamond  configuration,  two  in  Michigan 
and  two  in  Ontario,  Canada  1 he  use  ot  short  base- 
lines assures  good  signal  strength  within  the  coverage 
area  and  minimizes  propagation  and  skyw„ve  distor- 
tion problems  The  design  goal  stated  hv  the  C oast 
Guard  was  to  determine  a boat's  cross-track  position 
(i.e.  left  or  right  of  channel)  with  an  accuracy  of 
±75  ft  95 G of  the  time. 

Utilizing  loran  C for  precision  guidance  is  basically 
a two-step  process:  data  measurement  and  data  trans- 
formation. Three  or  more  loran  transmitters  and  a 
suitable  receiver  provide  the  raw  data  tor  a position 
fix.  Navigation  with  the  raw  data  is  awkward  because 
the  lines  of  position  are  hyperbolic  cunes  and  the 
units  are  microseconds  of  difference  in  time  ot  arrival. 
Manual  reduction  of  these  data  to  a position  fix 
(when  loran  charts  are  available)  negates  much  ot 
the  true  potential  of  loran  (’,  especially  in  speed  and 
accuracy. 

The  data  transformation  step  consists  of  using  some 
form  of  processor  to  transform  the  raw  data  mathe- 
matically into  a form  usable  for  navigation  and  pilot- 
ing. In  the  art  of  piloting,  the  most  meaningful 
position  information  is  position  relative  to  a known 
point,  an  intermediate  way  point,  ora  final  destination. 

The  entire  St.  Marys  River  from  Whitefish  Bay  to 
De  Tour  Passage  can  be  described  as  a series  ot  25 
to  28  straight  line  segments  where  each  segment  is 
the  center  line  of  its  respective  channel.  The  inter- 
section of  the  center  lines  of  (wo  adjacent  channels 
has  been  defined  as  an  intermediate  way  point.  Each 
of  the  way  points  for  the  river  has  been  numbered, 
and  the  loran  coordinates  have  been  surveyed.  The 
loran  coordinates  are  stored  in  the  extended  memory 
of  the  COGLAD  system,  and  continuous  navigation 
guidance  relative  to  known  points  can  be  provided 
for  the  entire  St.  Marys  River. 

It  was  found  that  the  most  precise  loran  coordi- 
nates of  the  way  points  could  be  measured  in  the 
winter  when  the  river  is  frozen.  When  a boat  is 
stopped  in  the  ice,  neither  current  nor  wind  move 
the  boat  off  station  while  loran  coordinates  are  being 
measured. 

A special  display  unit  mounted  on  the  bridge  pro- 
vides along  track  distance  to  the  way  point  in  statute 
miles,  cross  track  distance  relative  to  the  center  line 
of  the  channel  in  feet,  along  track  speed  in  miles  per 
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hour,  cross-track  spctsl  in  feet  per  second,  hearing 
angle  to  the  next  way  point,  time  to  the  next  way 
point  in  minutes,  and  the  number  of  the  way  point. 
For  evaluation  purposes,  an  X Y plotter  and  a digital 
printer  are  also  part  of  the  system.  Figure  I shows 
the  COG l AD  navigation  system,  and  Fig.  2 is  a 
system  block  diagram. 


Prior  to  field  testing,  it  was  expected  that  the  large 
ore  carriers  would  cause  local  distortions  in  the  loran 
grid  and  degrade  accuracy  during  a passing  situation. 
Numerous  tests  have  been  conducted  and  no  such 
distortion  has  been  observed  to  date.  Distortions  while 
vessels  are  passing  through  the  Soo  Locks  are  also 
much  less  than  expected.  Only  under  the  International 
bridge  at  Sault  Ste  Marie  were  the  signals  observed 
to  be  significantly  distorted.  Other  distortions  in  the 
loran  grid  observed  in  parts  of  the  river  were  prob- 
ably caused  by  power  lines  along  the  shore. 

Figure  \ is  a comparison  of  COGLAD  and  Auto- 
tape position  data.  Autotape  is  a line-of-sight  radio 
ranging  device  that  was  used  as  a local  reference.  Phis 
track  plot  was  made  w ith  the  CGC  si  down 

bound  just  south  ot  Six  Mile  Point  and  steering  on  a 
visual  range.  The  difference  in  cross-track  distance 
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measured  by  the  two  systems  is  typically  less  than 
1 s ft.  Except  in  areas  of  the  river  with  known  loran 
grid  warpage,  the  overall  system  position  accuracy 
was  30  to  4s  ft  95%  of  the  time. 
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INTRODUCTION 


An  understanding  of  the  physics  of  the  ocean  environment  is  essential 
to  APL's  mission  in  support  of  the  Fleet.  This  includes,  for  example,  electro- 
magnetic and  acoustic  radiation  propagation,  absorption  and  scattering  both 
within  and  at  the  surface  of  the  ocean,  hydrodynamic  phenomena  such  as 
surface  and  internal  waves,  currents,  etc.,  and  the  effects  of  physical  variables 
such  as  water  temperature,  pressure,  salinity,  and  density  on  ocean  dynamic 
phenomena.  Central  to  this  effort  is  the  development  of  sensing  and  data 
processing  systems  to  detect  and  characterize  signals  propagated  through  or 
at  the  surface  of  the  ocean.  While  analysis,  simulation,  and  laboratory  re- 
search are  extremely  useful,  many  phenomena  of  interest  must  be  studied  at 
sea.  APL  has  accordingly  developed  a major  capability  to  conduct  large-scale 
scientific  studies  in  the  open  ocean. 

Much  of  the  ocean  research  is  not  reported  here  for  reasons  of  national 
security,  but  a small  sample  has  been  selected  to  illustrate  different  areas 
of  interest.  Theoretical  studies  are  exemplified  by  a mathematical  analysis 
of  vertical  flow  generated  by  a moving  submerged  body  under  specified  con- 
ditions. The  design  and  operational  evaluation  of  a more  accurate,  reliable, 
and  durable  towed  thermistor  chain  to  measure  water  temperature  over  a 
range  of  depths  is  illustrative  of  the  extraordinary’  problems  of  developing 
instrumentation  for  scientific  research  at  sea.  The  scattering  of  incident  radia- 
tion— optical,  radar,  or  sonar — from  a rough  surface  is  important  both  for 
direct  observation  of  the  ocean  surface  and  because  it  may  interfere  with 
low-angle  observations  made  above  or  below  the  surface.  Understanding  in 
this  area  is  being  enhanced  both  by  development  of  more  powerful  theoretical 
analysis  methods  and  by  improved  techniques  for  processing  experimental 
data  to  yield  two-dimensional,  time-dependent  surface  wave  spectra. 

While  APL's  increasing  expertise  in  ocean  physics  has  to  date  been  applied 
to  Navy  problems,  it  should  be  available  in  the  future  to  enhance  scientific 
understanding  of  the  ocean  environment  and  assist  in  its  peaceful  exploita- 
tion. Site  surveys  for  optimum  ocean  thermal  energy  plant-ship  locations  is 
one  example  of  many  possible  applications. 
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STEADY-STATE  OSCILLATIONS  IN  A BUOYANT  FLUID 

* 


L 


Exact  solutions  have  been  found  for  the  problem  of 
fluid  motion  induced  by  small  steady  oscillations  of 
various  bodies  immersed  in  a stratified  fluid  We  are 
able  to  show  that  as  the  buoyancy  frequency  is  ap- 
proached from  above,  the  velocities  become  strongly 
vertical  and  approach  strictly  vertical  limiting  II ows. 
These  results  may  help  in  understanding  the  gen- 
eration of  surface  disturbances  by  submerged  bodies 
moving  through  stratified  fluids  such  as  the  ocean. 


BACKGROUND 

The  study  of  problems  in  the  theory  of  stratified 
fluids  is  motivated  by  a need  to  understand  the  be- 
havior of  atmospheric  and  oceanographic  flows  in 
which  the  stratification  and  gravity  introduce  signifi- 
cant buoyant  forces.  When  a fluid  of  variable  density 
is  acted  on  by  gravity,  the  displacement  of  the  heavier 
fluid  by  the  lighter  brings  buoyant  forces  into  play, 
and  the  movement  of  such  a stratified  fluid  is  also 
properly  called  a buoyant  flow.  Among  such  flows 
of  practical  interest  are  the  induced  movements  caused 
by  the  displacement  of  submerged  bodies  in  the  ocean, 
which  is  a slightly  stratified  fluid. 


Although  buoyant  flows  have  been  widely  investi 
gated  by  hydrodynamic ists  for  many  years,  only  the 
simplest  problems  have  been  solved,  and  many  phe- 
nomena remain  poorly  understood. 

Recently  we  have  solved  exactly  the  problem  for 
oscillatory  translations  and  expansions  of  spheres  and 
of  long  horizontal  cylinders.  As  the  frequency  in- 
creases, the  solutions  approach  those  of  nonbuoyant 
flow.  On  the  other  hand,  as  the  buoyancy  frequency 
is  approached  from  above,  the  velocities  become 
strongly  vertical  and  approach  strictly  vertical  lim- 
iting flows  These  limiting  flows  suggest  that  the 
limiting  vertical  velocity  above  and  below  the  body 
is  independent  of  the  vertical  dimension  and  is  deter- 
mined solely  by  a boundary  condition  on  the  surface 
of  the  body. 


DISCUSSION 

Our  results  are  best  summarized  in  the  figures, 
f igures  1 and  2 show  how  the  flow-fields  change  with 
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Fig.  I Streamlines  for  a vertically  oscillating  sphere. 


Fig.  2 Streamlines  for  a horizontally  oscillating  cylin- 
der. 
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J ig.  v Limiting  velocities  ot  (a)  vertical!)  oscillating 
sphere  ami  thl  horizontally  oscillating  horizontal  eylin 
clcr. 


the  frequency  of  oscillation;  Fig  I shows  the  limiting 
velocities  at  the  buoyancy  frequency. 

Because  of  space  considerations,  we  give  only  the 
results  for  the  vertically  oscillating  sphere  and  the 
horizontally  oscillating  cylinder  In  the  following,  <a 
is  the  ratio  of  the  oscillation  frequency  of  the  body 
to  the  buoyancy  frequency  of  the  thud,  A’„  is  the  radius 
of  the  sphere  or  cylinder,  and  v,  is  the  vertical  spatial 
coordinate 

The  graphs  of  the  tiowhelds  have  many  features 
in  common  For  large  values  of  the  frequency  (i.e., 
in  >10),  the  streamlines  arc  nearly  indistinguishable 
from  those  tor  nonhuoyant  How  For  frequencies 


within  1 (>rr  of  the  buoyancy  frequency,  the  vertical 
tendency  is  apparent;  as  the  buoyancy  frequency  is 
approached,  this  effect  dominates  the  flow. 

Figure  1 shows  a slice  through  the  stream  surfaces 
tor  the  vertical  oscillation  of  a sphere.  The  cut  is  made 
by  a plane  through  the  v;  axis  Figure  2 has  two 
interpretations  It  goes  the  streamlines  in  the  plane 
containing  the  \ axis  and  the  direction  of  motion  for 
a horizontally  oscillating  sphere;  it  also  gives  the 
streamlines  lor  a horizontal  circular  cylinder  with  the 
v.  axis  oscillating  in  the  v,  direction.  The  labels  on 
these  graphs  are  consistent  with  the  second  interpre- 
tation. 

For  each  graph,  the  values  of  the  stream  function 
ot  the  streamlines  shown  are  taken  on  the  surface  for 
values  of  r/R„  or  v,/R„  ranging  from  0.0‘i  to  0.9S 
in  steps  of  0.0V 

Figure  S shows  the  limiting  velocities  in  the  exam- 
ples as  m approaches  I V Figure  v a shows  the  limit- 
ing velocity  produced  by  the  vertically  oscillating 
sphere.  It  is  uniform  above  the  sphere  and  has  a re- 
turn flow  outside  the  vertical  cylinder  generated  by 
the  sphere  Figure  Sb  has  two  interpretations:  the 
velocity  above  a horizontally  oscillating  sphere  in  the 
plane  defined  by  its  vertical  axis  and  its  direction  of 
motion,  and  the  velocity  above  a horizontal  circular 
cylinder  oscillating  horizontally  perpendicular  to  the 
axis  ol  the  cylinder,  l ire  velocities  below  the  horizon 
tally  oscillating  sphere  and  cylinder  arc  the  negatives 
of  those  above. 
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DEVELOPMENT  OF  A THERMISTOR  CHAIN 


A new  thermistor  chain  tor  measurement  of  ocean 
temperature  distributions  has  been  developed  by  APL. 
It  has  been  used  successfully  in  tests  and  has 
achieved  higher  levels  of  accuracy,  precision,  and  me- 
chanical reliability  than  previous  thermistor  chains  An 
accuracy  of  0.01  "C  and  a precision  of  0.001  "C  have 
been  achieved. 


BACKGROUND 


2.  Rotation  of  the  tension  cable  under  the  tow 
load  does  not  damage  the  thermistor  system 
because  there  is  no  interconnection  of  the  two 
elements;  and 

3.  The  tail  section  of  the  fairings  can  be  used  as 
a carrier  for  the  cables  to  service  the  ther- 
mistors and  other  instrumentation  if  appro- 
priate slack  is  provided  for  passage  over 
sheaves,  etc. 


The  scientific  study  of  underwater  mixing  processes 
in  the  ocean  requires  a special  apparatus  for  measur- 
ing the  water  temperature  at  various  depths  and  hori- 
zontal positions.  One  such  system,  called  a thermistor 
chain,  is  a towed  cable  with  thermistors  to  measure 
temperatures  at  different  depths  along  the  cable. 

Research  at  API.  on  the  dynamics  of  sea  water 
mixing  where  there  are  thermal  and  salinity  gradients 
required  a thermistor  chain  with  an  accuracy  of  0.01°C 
rms,  a precision  of  0.001  °C  rms,  a temperature  range 
of  JO  to  30°C  . and  a response  time  constant  (i  <>) 
of  100  ms  at  a depth  of  600  ft  and  a towi.ig  speed 
ot  -1  to  S kt.  These  requirements  could  not  be  met 
by  any  previous  thermistor  chains. 

In  addition,  thermistor  chains  typically  have  been 
subject  to  severe  mechanical  and  electrical  reliability 
problems  because  of  the  many  wires  required  for  the 
thermistors  and  the  dilhculty  in  preventing  twisting 
and  crushing  of  insulation  during  deployment  and 
recovery. 


DISCUSSION 

The  solution  to  the  mechanical  and  electrical  re- 
liability problems  was  found  in  the  use  of  special 
plastic  fairings  tor  the  tow  cable,  fathom  Oceanology, 
Ltd.,  has  pioneered  in  underwater  tow  cables  consist- 
ing of  a unique  plastic  fairing  system,  flexible  polyure- 
thane noses,  and  rigid  A13S  tails,  segmented  in  short 
lengths  for  passage  over  sheaves  and  storage  on  winch 
drums.  Our  concept  of  the  thermistor  chain  uses  the 
fathom  nose  and  tail  pieces  as  carriers  for  the  ther- 
mistors and  the  thermistor  cable,  the  assembly  being 
free  to  rotate  about  the  axis  of  the  tension  cable.  The 
advantages  of  this  system  arc: 

1.  The  thermistors  are  always  oriented  forward  by 
the  hydrodynamic  stability  of  the  fairing  and 
arc  not  bothered  by  eddies  or  stagnant  (low  as 
they  might  be  aft  of  a cable; 


Use  of  the  fairing  has  the  further  advantage  that 
the  drag  of  the  cable  is  reduced  dramatically;  the 
cable  trails  only  iso  ft  when  it  is  deployed  to  700  ft 
and  towed  at  1 kt. 


f igure  I shows  the  lull  thermistor  chain  deployed 
from  the  API.  Research  Vessel  C.i/’c 


fathom  Oceanology  designed  and  built  a special 
winch,  storage  drum,  and  fairings  lor  API  VC'e  then 
assembled  the  "so  n table  with  the  nose  and  tail 
fairing  segments  (each  1 in  long)  and  the  32  therm- 
istor stations,  figure  2 is  a cross  section  of  the  cable. 

The  tail  pieces  carry  one  cable  bundle  of  39  pairs 
of  # 30  Tefzel  insulated  wire  to  sere  ice  32  thermistor 
stations  (including  spares)  and.  in  a separate  bundle, 
36  pairs  of  w ires  for  fluorometers  and  pressure  trans- 
ducers. 
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fig.  I Thermistor  chain  deployed  from  the  API  Re- 
search Vessel  ( ape. 
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fairings  A special  hanging  sheave  was  built,  and 
altiininuni  trim  tabs  were  added  to  the  fairings  at 
' It  intervals  With  these  changes.  towing  at  S kt 
was  successful. 

Operation  ( oral  Trails  began  in  lanuarv  l'>’p  on 
the  Underwater  Track  ini;  Rattle  otf  the  west  coast 
ot  St  ( roix,  Virgin  Islands  The  chain  was  used  tor 
I'  days  without  substantial  failures  although  tret|iient 
mitti'r  repairs  to  replace  leaks  connections  were  tux 
cssary. 


Fig.  2 Cross  section  ot  chain  assembly. 


The  thermistors  are  cast  into  short  (IT  in  long) 
nose  piece  segments  (Fig.  )).  The  electronics  to  ob- 
tain accurate  temperature  data  from  the  thermistors 
was  designed  and  built  bv  Sippican  Corporation  using 
techniques  they  developed  for  the  expendable  bathy- 
thermograph (XHT). 


Figure  I is  a typical  computer  plot  of  thermistor 
chain  data  We  believe  the  chain  data  are  accurate 
to  ±0  0r'(,  as  was  desired  The  typical  thermistor 
had  a time  constant  of  ISO  ms  at  -I  kt  in  sea  water, 
which  is  slower  than  was  desired.  We  have  experi- 
mented with  smaller  thermistors  (0  (HO  In  diameter 
vice  0 000  in.)  and  achieved  a so  ms  response  time 
Thermistor  T 13  ot  Fig.  I is  one  of  the  faster  therm 
istors 


RESULTS 

Preliminary  sea  trials  began  in  November  I1)’’' 
Some  problems  were  encountered  with  "kiting"  of 
the  cable,  especially  at  S kt  Tim  means  the  cable 
tended  to  be  towed  otf  to  one  side  rather  than  directly 
aft  and  is  attributed  to  a slight  asymmetry  in  the 
fairing  assembly  Extreme  kiting  caused  the  cable  to 
come  out  of  the  tow  sheave  and  damage  some 


ACKNOWLEDGMENTS 

The  success  ot  this  effort  is  due  to  the  contributions 
ot  many  individuals,  especially  K.  Ciardner  and  T 
Slupski  ot  Fathom  Oceanology.  ( Pierce  and  B 
Tirrell  of  Sippican,  and  R Sluder.  R Miller,  and 
R (ohnson  ot  API  The  Program  Manager  tor  this 
work  is  Or  F S Hillig,  of  API  A ( Sadilck. 
( I liundersdorf,  and  O Speraiua  of  API  shared 
responsibility  lor  the  development  with  the  author 


OutiiMte  s»*t  to  rorm^HMtit  to  the 
avtKd^V  vtfUlt? 


Si**h1  t»  1b  kt  Wave  %l  a it*  I 2 

► ish  ileptti  160  m 1 hits*?  ifatci  ate  tat ena*  •,  toiustftl 

1 2 depth  148  in 


. ♦ 102  V at  trnp 
;*  oib  c i m%  iifv 


|1  ixed  ft'sulor  instead  of  theinilstoi) 


1 7 
16 

16 

14 

t.1 

l? 

10 

9 


\ 


VVv-v^" 


’ ^ 




\ ' 


1 I nopei  at  iv  el 


4 i-  - 

2 Ml 

T 


-X  _• 


' V.. 


♦ 

0.002 

0.026 

■ ^ — v.24 . jyy 
0.016 

_ >4.02  4 

0.007 

^ __  23  -973 

'•T.02  4 

\ /V  ‘i  tMS 

X 0.02b 

2.1-  1 46 

”1'  .014 

0.0-12 

20.000 

0.000 

^ i 4 j 4 

0.027 

_ 23-320 

V .010 

. 0 4 

~2  4 • 1 66 
— ^Ji.d.i.i 

£1.076 

0.033 

22.971 

0-069 


f Jo  0b  r 

b mi 


I i*i  i 1'ypual  pU*t  ot  thermistor  output  versus  ilistdiue 


REFERENCE 

I t 1 MoMrv  \ i Msltlrk  i I i.umlcml.Mt  4 ml  l'  Npri4n/4 
\ Nr*  Ihrtniisloi  l him  foi  l’ minis  »tci  1 cinprutun  Mnum 
incut,  iMOfiitctl  4t  lhr4in  ’o  t xntcirmc  s|n<h\»>ic»I  h>  the 
Maiuic  tnhnoloKi  Sniffy  ami  111!  Stplcmki  l**’o 


iuthor  F.  F Moblev 

Supi'i'rt  Struteyfic  Sv*feni\  Protects;  Office.  SI*  202 


SCATTERING  FROM  ROUGH  SURFACES 
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We  have  developed  a variational  principle  that  pei 
imfj  for  the  first  time  the  application  of  this  powerful 
method  to  the  calculation  of  the  scattering  of  radiation 
from  a random  rough  surface  This  is  <t  significant 
advance  because  previous  attempts  at  the  straight 


forward  extension  of  known  variational  methods  for 
the  calculation  of  the  scattering  fr  m a fully  specified 
surface  have  proven  to  he  mathematically  intractable 
The  new  method  can  improve  the  accuracy  of  any 
approximation  method  tor  computing  the  scattered 


fi»ld  and  has  th«»  added  benefit  of  providing  a built  m 
measure  tor  Quantitatively  assessing  such  approxima 
tions  It  has  been  applied  to  improve  and  assess  the 
range  of  validity  of  the  *ell  Known  perturbation  «p 
proximation  tor  the  scattering  of  a horizontally  polar 
ized  electromagnetic  plane  *ave  by  a particular  model 
of  a random  rough  conducting  surface 


BACKGROUND 

The  v .it  ter  in  c of  waves  In  raudivn  roujjh  surfaces 
i\  of  vontmued  ioinrrn  m tevhnoloigirs  usm^  radar, 
optual.  and  .it imst u .ii  fNon.it>  watternu;  W hile  von 
sidcrablc  progress  Iun  hem  nude  m revent  xe.irs. 
.in j|\ t k .il  treatments  vontnuie  to  he  approximate  .uni 
tail  to  provije  built  in  measure*  of  xalnhtx  An  a 
reNiilt.  it  Iun  trevpienth  been  impossible  tv'  assess  an 
approximation  or  to  .inm^h  .i  i|ii.intitati\e  uiuertaintv 
to  the  result 

Variational  principles  arc  w idelx  rcxoi*m;rcJ  .in  pow 
ertul  tools  tor  tabulations  in  whuh  the  input  vju.iu 
t it v is  not  known  prcxiselv  and  must  thcictorr  be 
represented  bv  Nome  suitable  approximation  Hiese 
pruuiplcN  tan  improve  the  Awiiravv  ot  nonv anation.il 
approximations  bexausr  the  error  in  the  tabulated 
t|iiantit\  in  proportional  to  the  square  of  the  error 
m.nle  in  approximating  the  input  v|u.in(tt\  rather  than 
it  % first  power 

Previous  studies  (Ret  l>  luxe  used  variational 
methods  to  tabulate  statteruw*  from  vompluated  but 
tulU  spcxiticd  surtaxes  l he  input  tot  these  vabuta 
lions  o the  nii 1 1 .it e tub!  strength  that  wHibl,  in  prm 
iiple,  he  i.ibulat(\l  ex.utlv  hut  nuiNt.  in  pt.utue.  Iv 
approximated  Previous  attempts  to  extern!  these  meth 
ods  m a straight! ot\\ art!  manner  to  the  sv  altering  from 
Niirt.iv ex  that  are  onh  NtatiNtually  described  have 
tailevl  Siu h extensions  tcxjuire  the  mathem.it u alh 
intraitahle  evaluation  ot  the  NtatiNtu.il  average  oxer 
the  distribution  ot  Nuit.ue  heights  ot  a ipiantitv  that 
depends  on  the  Niitf.ue  tiebl  strength  in  a hu;hlx  non 
linear  fashion  In  partuular.  the  vjuantitx  to  lx*  aver 
a^i vl  in  the  projiut  of  two  surt.uc  integrals.  e.uh 
havtiu;  the  surt.ne  tiebl  strength  .in  a linear  tavtor 
in  the  integrand,  divided  h\  a double  surtaee  integral 
xxith  the  Nutt.ue  tiebl  strength  .ippeann£  twice 

Revently,  \v e have  developed  a new  variational 
pruuiple  ts»r  the  raiulom  rotijgh  surt.ue  *v  altering 
problem  f Ret  .M  Instead  ot  rrv}uirni£  the  average 
i»f  the  voinplu atevl  quotient  ot  integrals.  thiN  pruuiple 
has  the  virtue  that  the  sv  altered  tiebl  is  expresses! 
a>  the  prixliut  of  the  individual  averages  ot  the  txxo 
integrals  in  the  numerator  divided  bv  the  average  of 
the  double  surtave  integral  in  (he  vlenomuiatx'r  a 
tar  e.iNier  tabulation  It  has  the  further  virtue  ot 


providing  a built  in  measure  ot  the  awuravv  ot  the 
Mattered  tub!  inteiiNitv  in  terms  ot  the  averaged  in 
te^rals  ( learlx . the  new  approach  shoubl  prow  xei\ 
useful  tor  the  v ab illation  ot  *t  altering  from  nni^h 
'•urt.u eN  W e have  iincv!  it  to  .innc  nn  and  improve  the 
.Uiiii.ivx  ot  the  first  order  |x*rtuihation  tabulation  ot 
M.ittemu;  from  a movlel  ot  a random  iout*h  surtax e 


DISCUSSION 

( onsiderable  progress  has  Ixrn  nuvle  in  revent 
years  toward  obtaining  a thcx'retnal  desvriptnvn  of  the 
sv.iUei  iu;  v't  waxes  hx  \tatistu alls  lou^h  Nurt.ues.  but 

analytical  treatments  continue  to  lx-  approximate  As 
m the  v.ise  ot  smooth  surtaxes,  an  integral  expiation 
relates  the  tiebl  at  an  arbitrarv  point  to  the  field 
and  ot  its  derivatives  on  the  surt.uc  In  general,  two 
kinds  ot  approximat nxiiN  aie  involved  (a)  the  tiebl 
and  or  its  derivatives  at  the  surtavr.  and  (b>  the  sta 
tiNtu.il  (roughness)  properties  ot  the  surtavr  Here 
(Ref  we  regard  the  statistus  ot  the  surface  as 
ijiven  am!  develop  an  expression  tot  the  sv altered  am 
plitinle  that  is  insensitive  to  small  errors  nude  in 
approximating  the  \uc taw  held  "Uvv  method  vs  d 
lustratcv!  t v»r  a svalar  tiebl  whose  normal  vlerivative 
vanishes  on  the  boundary 

1 he  initial  step  in  to  note  that  tor  fixed  (non 
\(atiNtual>  surfaves,  one  van  write  a variational  pun 
viple  t v'r  the  Nv.itterevl  amplitiule.  7 in  the  term 


7-  V'V’  • 
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O') 


\\  here  \ , 
uitonran.h 


V , an.l  r>  .ire  surt.ue  integrals  whose 
ile|'ctul  on  the  heUls  It  the  e\.u t surt.iee 


tiel.ls  .lie  uses!  .111.1  (he  .imphtiule  ot  the  irui.ient 
plane  wave  tv  (lien  7 \ Him,  the  ikwcnrv* 

ot  \,  /'  to  unity  jtor  uunleut  amphlu.le  .0  tv  a 
me.iMirt  ot  the  .|u.ihty  ot  any  appioximatr  sutta.e 
tiel. I Sti.ui'htti'iw.ii.l  applu ation  ot  I .)  I to  st.itis 
tn.il  surtax-*  woul.l  rts|inrt  evaluation  ot  .oet.ipcv 
ot  the  lorm  y\,  \ /',x,  whuh  woul.l  he  tormnlahlr 

r.'rluiuleh.  we  have  hern  ahle  to  .ii.uiment  this 
.lith.ulli  hy  .leiiioiisli.iluu;  that  the  espressnui 

yNV  y.V»x  \ I" 

pf.wules  ,i  \ .ui.ition.il  ptin.iple  tor  the  ensemhle 
average  7,  an.l  that,  when  the  ainphtu.lt  ot  the 
inu.leut  wave  is  / the  .loseness  ot  \N’ix  y Px  to 
unity  is  a .|iiantitati\e  measure  >'t  ai.nra.v 

Ih.  watteiiiu;  .ionn  ststion.  treviuently  ot  .eu 
ti.il  iinp.<rt.in.e  in  s.atteiuu;  troni  roui;h  surla.es, 
is  pro|N«>rtion.il  to  the  absolute  '.piaie  ot  the  *>.it 
(ere.l  .iniphtiitle  We  haw  shown  that 
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is  .1  valid  variational  expression  tor  ( T and  that 
{ Ny'!)  provides  a measure  ot  accuracy  I valna 

tion  ot  the  ensemble  averages  in  1 1|  V are  straight 
forward,  although  nontrivial,  and  its  application  to 
improve  the  first  order  perturbative  approach  to  a 
model  problem  is  discussed  below 


We  have  tested  the  method  by  applying  it  to  a 
particular  model  tor  a random  rough  surface  (Ret  O 
very  similar  to  one  tor  which  the  scattering  problem 
had  previously  been  investigated  by  exact  numerical 
and  nonvariation.il  approximation  methods  (Ret  IV 
Idle  model,  which  has  the  virtue  of  comparative 
simplicity,  consists  ot  an  infinite  conducting  plane 
with  a random  array  ot  nonoverlapping,  parallel, 
hemicyhndric.il,  conducting  bosses  ot  espial  radius, 
.1.  projecting  upward  ( big  1)  The  improvement 
achievable  tor  a single  Kiss  by  th  variational  method 
is  illustrated  in  big  2,  which  compares,  tor  an  inci- 
dent angle  of  -1'°  and  the  parameter  k.i  = O.-l  ( k is 
the  wave  number V the  dependence  on  the  scattering 
angle  of  the  approximate  normalized  cross  section, 
computed  both  vanationally  and  nonvanationally.  with 
the  exact  result  ( omparahle  improvements  are 
achieved  in  the  parameter  range  0 < k.i  < l,  but 
results  deteriorate  rapidly  beyond  this  range 


Figure  t illustrates  how  the  variational  method  can 
he  used  to  generate  a quantitative  measure  tor  as- 
sessing the  validity  of  whatever  approximation  is  used 
in  the  variational  process  for  the  initial  representa- 
tion of  the  surface  field  strength.  The  plotted  quan- 
tity, ( /)  ;).  would  have  the  value  I it  the 

true  value  were  used  for  the  surface  held  strength. 
Its  deviation  from  1 can  therefore  he  regarded  as  a 


Incident  angle  'Scattering  angle 

i 'W 


Fig.  2 Normalized  cross  section  \crsus  scattering  angle 
tor  a single  scatterer  tor  an  incident  angle  ot  4s* 


Scattei  mg  angle  (clegl 

Fig.  * Figure  of  merit  v \i  •’  N v P s sersus  siat 
tering  angle  tor  a single  scatterer  tor  an  incident  angle 
ot  4V\ 
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Fig.  I Scattering  configuration. 


4* 


for  an  incident  angle  of  45°  and  ka  = 0.4  and  1, 
for  several  values  of  the  parameter,  «,  which  denotes 
the  fraction  of  the  plane  covered  by  bosses.  The  pro- 
nounced specular  peak  is  caused  by  the  coherent  scat- 
tering from  the  tops  of  all  the  (equally  high)  bosses. 
The  decrease  with  increasing  values  of  v in  the  cross 
section  in  all  directions  other  than  specular  is  caused 
by  increasing  destructive  interference  attributable  to 
the  no-overlap  condition. 

It  is  evident  from  these  results  that  the  variational 
method  may  be  very  useful  for  practical  scattering 
problems.  Some  of  these  will  be  addressed  in  the 
future. 
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TWO-DIMENSIONAL  WAVE  SPECTRA 
FROM  OCEAN  PHOTOGRAPHS  USING  AN 
OPTICAL  FOURIER  ANALYSIS  TECHNIQUE 

i 

Equipment  has  beei  developed  to  allow  rapid  pro- 
cessing of  sea-surface  photographs  to  obtain  fine-time- 
scale, two-dimensional  wave  spectra  using  an  optical 
Fourier  analysis  technique. 


BACKGROUND 

A description  of  the  sea  surface  in  terms  of  the 
spectral  distribution  of  wave  heights  is  needed  for  a 


L - ■ A 


variety  of  applications.  Remote  microwave  sensing  of 
the  sea  surface  by  backscatter  and  radiometry  methods 
for  descriptions  of  sea  state,  radar  altimetry,  and  radar 
sea  clutter  requires  an  understanding  of  the  wind 
wave  spectrum  and  the  energy  balance  between  short 
and  long  waves.  To  first  order,  time  averaged  micro- 
wave  signals  contain  information  on  only  the  short- 
wave region,  i.e.,  the  capillary  region.  This  infor- 
mation can  only  be  related  to  the  energy-containing  111 


figure  of  merit  for  the  perturbation  approximation, 
our  starting  point  for  the  variational  calculation.  The 
rapid  deterioration  of  this  approximation  for  ka  > 1 
is  evident;  this  causes  the  variational  approximation 
to  fail  likewise.  For  a random  array  of  1000  bosses, 
the  variational  result  for  the  normalized  cross  section 
per  scatterer,  a„  divided  by  (ka)'  is  shown  in  Fig.  4 


Scattering  angle  (deg) 


Fig.  4 Normalized  cross  section  per  scatterer  divided 
by  (ka)'  versus  scattering  angle  for  an  incident  angle 
of  45°  and  1000  bosses. 


long  wave  part  of  the  w ind  wave  spectrum  it  the 
dvHaillll.ll  relationships  bctWCCH  the  two  r.lllgCS  ot 
wive  numbers  .itc  understood 
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In  l . the  |omt  North  Se.i  Wave  Project 
(IONSWAP)  investigated  the  short  wave  loin;  wave 
interaction  aiul  energy  transter  pnxcss  tor  letch 
limited  teas  I Ik  primary  goal  ot  the  sea  photography 
portion  ot  the  IONSWAP  program  was  to  investi- 
gate tile  temporal  behavior  of  tin  two  ilinicnMonal 
short  wave  spectrum  and  lorrclate  thiv  behavior  with 
long  wave  .ution  measured  bv  othir  sources  Idle 
optical  Fourier  analvsis  tevhmi]ue,  tirst  described  bv 
Barlver  (Ret  If  and  retinevl  bv  Stilwcll  (Ret  is 
being  used  to  e\tr.Kt  the  two  dimensional  wave 
spectrum  in  the  % to  to  iin  wavelength  region  trom 
the  si  a photographs 

Idle  technique  involves  illuminating  the  him  nega- 
tive ot  the  sea  surface  vvith  lollimated,  monochromatic 
light  trom  a laser,  focusing  the  resulting  diffraction 
pattern  via  a lens,  and  measuring  the  light  amplitude 
in  the  back  tcxal  plane  ot  the  lens  Idle  distribution 
in  light  intensity  ian  lx-  directly  related  to  the  spec 
truni  ot  wave  slopes  since  the  transter  (unction  trom 
the  trout  to  the  bails  fix  a I plane  of  am  lens  is 
tuiiitionallv  identical  to  a Fourier  transform  ldius, 
the  optical  technique  performs  the  complex  niathe 
iiiatn.il  procedure  in  an  analogous  manner 

Sea  photographs  taken  trom  a tower  were  recorded 
on  a tine  time  vale  at  four  (rallies  per  second  tor 
minutes  periods  under  a variety  ot  sea  conditions 
To  the  authors  knowledge,  this  is  the  first  tulle  suih 
a data  set  has  been  available  to  study  the  spectral 
modulation  Special  equipment  for  handling  film 
and  recording  data  was  res|iiircd  to  process  the  rolls 
ot  ti t in  rapidly  Idle  present  program  was  undertaken 
to  develop  this  equipment  and  begin  the  wave 
analysis  process. 


DISCUSSION 

The  tirst  part  of  the  effort  was  to  devise  a system 
to  handle  and  process  the  thousands  ot  sea  photo 
graphs  rapidly  The  second  was  to  devise  a method 
tor  recording  semuptantuativclv  the  resulting  wave 
slope  spectra  along  with  a wav  of  presenting  these 
data  tor  analysis  of  the  time  dependent  spectral 
behavior 

Tdic  basic  optical  spectrum  analyzer  system  is  shown 
in  Fig  1 Idle  system  was  designed  to  handle  large 
rolls  i'f  O nun  film  ( ontrol  logic  and  circuitry  ad- 
vance the  film  from  frame  to  frame  and  accurately 
index  each  frame  at  the  same  lexation  with  respeit 
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lif;  I Optu.il  hrtuh  setup  uh\1  in  optu.il  I ourur  cin.il 
\ms  of  Mirtciic  photograph'  Yuluon  is  Uhaus.1  in 
transform  plant-  whin  t losid  -*  in  uit  uIimsioii  s\stcm  is 
ust-vl  tor  detection,  tlisplax.  aiul  recording 


to  the  laser  Ix-am  Accurate  indexing  ot  the  film  is 
most  important  when  the  sea  is  photographed  at  an 
oblique  angle  since  the  scale  t.istor  on  the  film 
changes  throughout  the  frame  Tdie  laser  spot  iliac 
be  positioned  in  the  frame  bv  means  of  micrometers 
that  translate  the  film  carriage  assembly  relative  to 
the  laser  axis  The  tilm  may  be  advanced  continuously 
or  by  single  traniis  counters  record  the  scene  frame 
numbers 

Two  data  display  and  rciording  systems  have  been 
developed  tor  the  preliminary  data  analvsis  Idle  tirst 
uses  a closed  i mint  televoion  to  detect  and  display 
the  two  dimensional  s|x\tnmi  A vidison  camera  is 
located  in  the  transform  plane,  ic.  the  b.iik  tcval 
plane  of  the  transform  lens  (see  Fig  IV  The  v ideo 
signal  is  contoured,  color  ceded.  and  displaced  on  a 
television  monitor  The  monitor  is  photographed  bv 
either  a to  mm  cine  camera  tor  slow  motion  mov  its 
of  the  s|xctral  niixlulatious  or  bv  a " mm  still 
camera  Figure  is  a bl.uk  and  white  reproduction 
of  the  mlor  coded  spectrum  as  it  appears  on  the 
monitor 

Idle  number  ot  photographs  to  lx-  taken  of  any 
spectrum  is  selectable  via  thumb  wheels  i'll  the  camera 
control  hoc  e't  the  control  circuitry  When  the  re 
c|inrt\l  photographs  have  been  taken,  the  film  is 
advanced  automatically  and  indexed  to  the  next  one 
Thus,  slow  motion,  realtime,  or  single  frame  movies 
of  the  wave  spectra  may  be  pricluced  ddie  movies 
have  been  most  useful  m illustrating  the  temporal 
behavior  of  the  complete  two  dimensional  spectrum 
This  is  the  tirst  time  such  a presentation  has  been 
attempted  live  cine  type  presentation  also  illustrates 
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Fig  2 ( olor  ui*pl<t\  ot  two-dimcnMonal  >U>|k*  spectrum 

of  via  vurtacc-  Number  indicates  frame  number  ( uvular 
contours  at  watc  numbers  a bout  aero  are  eauseii  bv  a 
lik-dll  attenuator  v|M»t  placed  on  Million  tube  late  to 
protest  tube,  l olor  ranges  are  relative  to  video  syvtem 
noise  level  Inks  on  depression  plane  (DP)  and  vross 
plane  (I  P)  aves  are  at  si).  1(1,  (>,  and  t im  wavelengths 
on  the  sea  surface 


how  difficult  it  is  to  interpret  time  scries  .lata  for 
s pci  in  i wavenumbers  in  a single  Jirev  tion 

I he  traveling  iliode  system  ( f ig  was  .It  signed 

to  gather  quantitative  data  at  sjsee iris  wavenumbers 
along  a given  direction  An  opaque  mask  is  placed 
m the  transform  plane,  a diode  mounted  on  a tar 
riage  travels  along  t he  line  of  the  holes  corresponding 
to  spciitit  wavenumbers  and  reads  the  light  intensity 
A separate  system  controls  data  recording  so  that  the 
readings  are  taken  only  when  the  diode  is  centered 
over  a hole  in  the  mask  The  diode  carriage  is  driven 
continuously  from  one  side  of  the  spectrum  to  the 
other,  two  values  are  read  at  each  wavenumber  When 
the  traverse  is  complete,  the  film  is  automatically  ad- 
vanced and  indexed  to  the  next  frame,  and  the  diode 
traverses  in  the  opposite  direction.  The  sequence  is 
repeated  tor  as  many  frames  as  desired;  the  number 
can  fit'  vet  in  the  control  circuitry. 

The  combination  of  the  full  two  dimensional  spec 
tral  photographs  in  single  or  cine  form  along  with 


Positioning 

microouftet 


if 


Pig.  S Traveling  diode  system  used  to  measure  spectral 
values  at  specific  ssase  numbers  along  a gisen  direction. 


the  spectral  values  at  specified  wavenumbers  repre- 
sents a unique  data  set  for  the  study  of  the  fine-time- 
scale behav  ior  ot  the  wind  wave  spectra  Although  the 
se.t  photographs  processed  to  date  have  been  for  the 
study  ot  the  temporal  changes  in  wave  spectra  at  a 
given  point  on  the  sea  surface,  the  optical  Fourier 
technique  and  the  rapid  processing  equipment  are  also 
applicable  to  the  study  ot  spatial  changes  in  the  sea 
surface  due  to  underwater  disturbances 
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INTRODUCTION 


Leadership  in  (he  application  of  technology  to  programs  in  the  national 
interest  requires  a diverse  and  strongly  rooted  base  in  the  underlying  basic 
sciences  ot  physics,  chemistry,  and  mathematics.  In  recognizing  this  relation- 
ship, Al’l.  has  consistently  supported  basic  science  programs  in  areas  that  are 
broadly  relevant  to  the  technologies  employed  in  national  defense,  energy, 
transportation,  computer  applications,  and  biomedicine.  Much  of  this  effort 
has  been  concentrated  in  the  Research  ( enter. 

The  orientation  ol  most  of  this  work  is  motivated  by  a desire  to  understand 
the  basic  physical  laws  underlying  the  topic  under  investigation.  This  approach 
continues  the  Hopkins  tradition  of  research  from  which  the  Laboratory  sprung 
It  provides  continuing  areas  of  contact  with  the  academic  and  medical  divi- 
sions of  the  University  and  a link  w ith  the  international  academic  community 
in  science,  and  constitutes  a reserve  of  new  ideas  and  directions  for  techno- 
logical innovation.  Furthermore,  it  acts  as  a resource  for  those  specific  prob- 
lems where  application  of  current  technology  or  current  engineering  practice 
is  inadequate  and  where  a broader  approach  is  needed. 

Current  research  interests  include  projects  in  the  general  areas  of  materials 
sciences,  biology,  chemistry,  physics,  and  mathematics.  Some  especially  note- 
worthy advances  made  in  these  areas  appear  as  individual  accomplishment 
reports,  which  follow.  An  example  of  the  work  in  materials  research  is  the 
report  on  the  theoretical  study  on  amorphous  magnetism.  Magnetism  in  amor- 
phous materials  has  only  recently  been  recognized  as  providing  unique  mag- 
netic structures  not  present  in  conventional  polycrystalline  materials.  Studies 
in  this  area  are  still  in  an  early  stage  of  development;  however,  some  direct 
applications  of  the  properties  of  these  materials  have  been  made  The  report 
on  the  spectroscopic  investigation  of  metal  porphins  is  an  example  of  lunda 
mental  research  into  the  structure  of  materials  of  biological  interest  The  metal 
porphins  play  an  essential  role  in  biologically  active  systems  as  the  active  sites 
for  oxygen  exchange  in  respiration  and  photosynthesis.  Recentlv.  they  have 
been  suggested  as  potential  materials  for  solar  energy  conversion 

Two  other  reports  deal  with  fundamental  research  in  the  area  of  chemistry 
One  reports  on  the  discovery  of  the  new  rare  gas  monohalidc  molecule,  Xc<  I, 
using  APL's  extensive  expertise  in  the  microwave  pectroscopy  of  matrix- 
trapped  molecules.  These  molecules  arc  of  scientific  interest  because  the  chemi- 
cal bonding  and  structure  of  the  inert  gas  compounds  violate  the  classical 
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principle  ot  inertness  ot  closed  shell  atoms,  and  ot  technological  interest 
because  partially  tunable  ultraviolet  lasers  can  he  constructed,  based  on  enns- 
sion  from  excited  states  of  these  inert  gas  monohalule  molecules  The  other 
report  in  the  area  of  chemistry  desc  ribes  the  progress  in  constructing  a theory 
ot  diffusion  in  cjuantum  mechanical  systems,  a matter  ot  considerable  tmpor 
tance  in  describing  energy  transport  in  gases  and  in  some  solids  The  final 
report  in  this  section  in  the  area  ot  mathematical  physics  describes  an  impor 
tant  new  invariance  in  the  1’ade  approxinunts  to  the  electronic  energy  of 
atoms  and  molecules.  While  the  initial  motivation  for  this  work  stemmed 
from  a problem  in  theoretical  molecular  physics,  the  development  should  be 
ot  value  m many  complex  systems  where  optical  approximate  solutions  to  a 
dynamical  problem  are  important. 

Reports  on  other  IRc’kD-funded  work  are  found  in  other  sections  of  this 
book,  where  appropriate.  These  include  the  work  of  Hart,  Farrell,  and  ( f ray 
on  a variational  treatment  of  scattering  from  rough  surfaces  applied  to  the 
ocean,  and  that  ot  Fox  and  Sigillito  on  the  mathematics  of  internal  wave  gen- 
eration m the  ocean.  Other  topics  include  the  work  of  Adrian  on  laboratory 
experiments  relevant  to  the  identification  of  interstellar  molecules,  that  ot 
Parker  on  water  purification  using  laser-excited  oxygen,  that  of  Feldman  and 
Blum  on  thin  film  solar  cells,  and  the  work  of  O'Brien  and  Ehrlich  on  the 
solution  of  heat  transfer  in  tinned  heat  exchangers.  The  initial  motivation  for 
each  of  these  reports  was  interest  in  the  basic  physics  or  mathematics.  Their 
inclusion  in  specific-interest  sections  of  this  volume  reflects  the  synergistic 
relationship  that  connects  basic  studies  and  practical  applications. 

Finally,  these  accomplishment  articles  should  be  viewed  in  the  context  ot 
broader  continuing  programs  in  the  areas  of  materials  sciences,  chemical  struc- 
ture and  kinetics,  and  the  other  categories  cited  previously.  Each  area  includes 
other  projects  not  explicitly  described  in  this  volume.  Some  examples  follow. 
The  general  program  of  studying  the  transport  properties  and  energy  level 
structures  ot  materials  using  a variety  of  experimental  methods,  notably  sev- 
eral branches  of  spectroscopy,  includes  projects  related  to  the  study  of  organic 
charge  transfer  salts,  chemically  induced  dynamic  nuclear  polarization  in  free 
radical  reactions,  electrode  reactions  at  solids  including  the  study  ot  photo- 
electrolysis for  solar  energy  conversion,  and  studies  of  electrocorrosion.  Other 
general  programs  involve  .il>  initio  molecular  structure  calculations  and  calcula- 
tions of  hyperfine  structure  splittings  in  molecules. 
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MAGNETISM  IN  DISORDERED  SOLIDS 


Novel  magnetic  structures,  recently  discovered  in 
disordered  solids,  have  raised  fundamental  questions 
concerning  magnetism  in  disordered  solids  and  have 
already  led  to  new  materials  that  could  find  potential 
applications  in  magnetic  devices.  A theoretical  re 
search  program  has  been  undertaken  to  elucidate 
magnetic  phenomena  in  disordered  solids. 


BACKGROUND 

Two  basic  requirements  need  to  be  satisfied  for  the 
existence  of  ferromagnetism  in  a solid : the  presence 
of  an  uncompensated  spin,  and  therefore  magnet 
moment,  on  an  atom;  and  the  exchange  interaction 
between  spins  on  neighboring  atoms.  Thus,  it  is  evi- 
dent that  ferromagnetism,  like  many  other  properties 
ot  solids,  does  not  depend  on  the  periodic  or  regular 
arrangement  of  atoms  in  a crystalline  solid.  However, 
it  was  only  I'  years  ago  that  the  existence  of  ferro 
magnetism  in  a structurally  disordered  solid  was  pre- 
dicted theoretically.  Since  then,  carious  aspects  of 
disordered  magnetic  systems  have  been  studied.  Fx- 
perimentally,  many  unusual  magnetic  structures  have 
been  discovered  in  disordered  solids  that  do  not  ap- 
pear in  crystalline  solids  Intensive  research  in  this 
field  is  now  in  progress,  ranging  from  the  most 
fundamental  investigations  of  physical  phenomena  to 
the  most  practical  applications  of  novel  materials  and 
innovative  concepts. 

The  work  presented  here  was  motivated  by  experi- 
mental results  on  systems  containing  a large  concen- 
tration of  ferromagnetic  metallic  impurities  in  a dis- 
ordered diamagnetic  host  An  example  of  such  a 
system  is  randomly  distributed  iron  atoms  in  a thin 
film  ot  amorphous  germanium.  These  alloys  exhibit 
many  interesting  properties  that  should  help  us  to 
understand  phenomena  as  varied  as  hopping  conduc- 
tion, insulator  metal  transition,  and  magnetic  inter- 
actions in  disordered  solids  The  investigation  of 
the  latter  property  has  been  emphasized  in  the  present 
study. 


DISCUSSION 

A theoretical  model  has  been  constructed  to  dem- 
onstrate the  magnetic  phenomena  in  structurally  and 
compositionally  disordered  solids  (Ref  IV  In  its 
present  form,  the  model  consists  of  a site disordered 
alloy,  A,B,  ,,  with  concentration  \ of  magnetic  atoms, 
118  A,  randomly  distributed  in  a nonmagnetic  lattice  of 


B atoms  with  concentration  I — v The  lattice  is  as 
sullied  to  be  structurally  disordered,  which  induces 
fluctuations  in  the  ferromagnetic  exchange  interactions 
between  magnetic  atoms  Thus,  besides  tlu  tempera- 
ture and  the  coordination  number  ot  the  lattice,  the 
relevant  parameters  for  the  discussion  of  thermo- 
dynamic quantities  are  the  concentration  of  the  mag 
netic  atoms,  v.  and  the  measure  ot  tluctuations,  A 
The  crystalline  lerromagnet  results  in  the  limits  v I 
and  A 0 and  serves  as  a useful  check  on  the  calcu- 
lations performed 

In  binary  alloys,  A,R,  „ one  would  observe  the 
onset  of  lerromagnet  ism  for  a critical  concentration. 
-v„,  of  m.ipnctu  atoms.  Since  the  conventional  molecu- 
lar held  approximation  does  not  predict  a critical 
concentration,  it  would  not  lx-  appropriate  for  dix 
cussion  of  the  properties  ot  A,B,  , over  the  entire- 
range  of  v We  have  therefore  considered  a cluster 
model  and  have  investigated  it  within  the  Bc-thc 
Peicrls  Weiss  approximation  The  resulting  free  en- 
ergy is  averaged  over  all  the  configurations  of  tlu  dix 
ordered  system,  and  a sell  consistent  condition  on 
magnetization  is  used  to  yield  expressions  tor  thermo 
dynamic  quantities  ot  interest  ' I "he  procedure  allows 
a systematic  investigation  of  the  etfect  of  tluctuations 
on  carious  thermodynamic  variables 

It  is  shown  that  the  critical  concentration,  \,„  is 
not  influenced  bv  the  presence  of  fluctuations  This 
is  a reasonable  result  since  it  is  the  presence  of  a 
magnetic  Kind  that  is  important,  not  its  strength  The 
value  of  v(,  ( =-  1 s')  is  found  to  lx-  in  fair  agreement 
with  the  experimental  value  (O  t ± 00')  recently 
deduced  from  the  C urie  temperature  versus  concen- 
tration measurements  on  iron  atoms  randomly  sub 
stituted  in  amorphous  germanium  For  v n ,v,„  the 
fluctuations  depress  the  values  of  the  C urie  tempera 
ture,  the  high  temperature  magnetic  susceptibility 
(Fig.  1),  and  the  magnetization  (Fig.  2)  relative  to 
the  corresponding  values  for  the  average  crystal  Fot 
small  values  of  A,  explicit  expressions  for  the  amount 
of  decrease  in  these  quantities  are  obtained  Hew.  ever, 
the  critical  indices  for  magnetization  as  well  sux 
ceptihility  are  found  to  he  unaffected  by  fluctuations 
The  detailed  calculations  are  given  in  Ref  I 

Although  most  amorphous  solids  containing  a sub- 
stantial proportion  of  magnetic  atoms  are  ordered 
ferromagnetic  ally,  more  complex  magnetic  structures 
can  and  do  occur  The  complexity  of  the  magnetic 
structure  is  determined  by  the  crystalline  field  aniso- 
tropy and  relative  strengths  and  signs  of  vatioux 
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I ig  I Relative  susceptibility  sersus  reduced  tempera 
mro  for  .1  structurally  disordered  ferromagnet.  \ and 
./„,  arc  the  susceptibility  and  the  exchange  constant,  re- 
spcctively,  of  the  mean  crystal  while  is  the  suscepti- 
bility of  the  disordered  solid  and  \ is  the  spin. 


magnetic  interactions  One  stub  complex  magnetic 
structure,  termed  "spin  glass."  possesses  neither  short- 
nor  long  range  magnetic  order  hut  does  exhibit  anom- 
alies in  its  thermodynamic  behavior.  It  is  expected 
that  a study  ot  spin  glasses  will  answer  cjuestions 
concerning  the  fundamental  nature  of  exchange  inter- 
actions and  will  aid  in  exploring  the  possible  uses 
of  disordered  magnetic  solids  in  magnetic  devices. 

The  above  formulation  has  been  modified  to  discuss 
the  static  properties  of  spin  glasses.  In  our  treatment, 
the  presence  of  a finite  number  of  nearest  neighbors 
increases  the  value  of  the  spin  glass  transition  tem- 
perature compared  to  the  molecular  field  result 
Furthermore,  in  contrast  to  the  molecular  field  ap- 
proximation, the  magnetic  susceptibility  approaches 
the  transition  temperature  from  below  with  a finite 
positive  slope,  in  agreement  with  the  experimental 
results.  The  detailed  results  have  been  published 
(Ref  2). 


| t>A  - 2 3 


| dA  2 3 


fig.  1 Magnetization  \cr\us  normalized  temperature  lor 
different  values  of  \ and  A in  the  s icinits  ot  the  < uric 
temperature,  i . l-'or  each  case,  the  temperature  is  nor- 
malized with  respect  to  the  corresponding  I 
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SINGLE-SITE  SPECTRA  OF  ZINC  PORPHIN 


Single  site  spectra  of  line  porphm  in  triphenylene 
have  been  recorded  at  low  temperature  using  a tun 
able  dye  laser.  There  were  three  principal  site  species, 
each  of  which  had  slightly  different  fluorescence  and 
absorption  spectra  Because  the  spectra  of  each  site 
were  recorded  separately,  the  confusion  In  previous 
studies  caused  by  the  spectra  of  multiple  site  species 
was  eliminated 


BACKGROUND 

Porphyrin  molecules  .ire  of  great  interest  ,unl  im- 
portance because  they  perform  vital  functions  in  a 
number  ot  biological  molecules  An  iron  porphyrin 
complex  forms  the  central  or  prosthetic  croup  ol 
the  hemoglobin  molecule  that  transports  oxygen  in 
blood  and  also  of  the  various  cytochromes  that  act  as 
catalysts  m the  respiratory  cycle  A magnesium  por- 
phyrin is  contained  in  the  chlorophyll  molecule. 

Optical  spectroscopic  studies  of  a number  of  me 
talloporpluns  have  Ken  made  at  API  using  tri 
phenvlenc  as  a host  for  the  guest  porphm  molecules 
(Rets  I and  The  use  of  this  host  material  results 
in  sharp  line  optical  spectra  at  low  temperature  In 
single  crystal  specimens,  the  guest  molecules  arc 
spatially  oriented,  allow  ing  polarization  of  the  spectra 
to  K'  observed  Mow  ever,  the  potential  advantages 
of  these  specimens  were  not  fully  exploited  in  pre 
cions  studies  because  ot  limitations  imposed  by  the 
occurrence  of  multiple  mec|iuc alent  mctalloporphin 
site  species  m the  host  matrix  Sune  the  spectra  trom 
all  the  mcc|iu\ alent  site  species  were  recorded  simul 
taneously,  they  were  exceedingly  complex  and.  in 
some  cases,  resulted  in  overlapping  lines  from  Jit 
ferent  site  spec  les  Hence,  definitive  spec  tral  assign 
mcnls  were  ditheult  or  impossible  in  many  cases 
Similar  problems  also  occur  m the  use  o!  ShpoTskii 
matrices  to  study  spectra 

The  objective  of  this  study  was  to  use  narrow  line 
selective  excitation  ol  fluorescence  as  a techmuue  to 
obtain  single  site  absorption  and  fluorescence  spectra 
ot  /im  porphm  m triphenylene  This  allowed  the 
spectrum  intrinsic  to  each  site  s|xs  ies  to  be  recorded 
separately,  thereby  eliminating  interference  trom 
spectra  of  different  sites 


to  record  the  spectra  trom  molecules  m a single  type 
of  site  Single  site  fluorescence  spectra  are  obtained 
by  exciting  a single  sharp  absorption  line  The  cor 
responding  single  site  absoiption  spectrum  is  obtained 
by  recording  the  intensity  ot  a single  sharp  fluores- 
cence line  that  has  been  spectrally  isolated  with  the 
spectrograph  while  scanning  the  excitation  source 
through  the  region  ot  the  absorption  spectrum  Ibis 
yields  the  excitation  spectrum  of  the  fluorescence  line 
that  is  eciuicalcnt  to  the  absorption  spectrum  ot  the 
same  site  species  trom  which  the  fluorescence  line 
originates 

A scanning  dye  laser  with  a 0 1 nm  bandwidth  seas 
used  as  a light  soune  A pulsed  nitrogen  laser  with  a 
10  ns  pulse  width  and  100  k\V  peak  power  was  used 
to  pump  the  dec  laser  at  a rate  ot  s0  pps  A photo 
multiplier  tube  and  boxcar  integrator  were  used  to 
acc|uire  the  average  |x-ak  intensity  ot  the  pulsed 
fluorescence  signal 

figure  la  shows  the  fluorescence  spectrum  of  zinc 
porphm  m triphenylene  at  I K using  broadband 
excitation  Three  strong  lines  associated  with  the  0 0 
transitions  ot  three  principal  site  species  are  observed 
at  '<>’  S,  'OS  ’,  and  '’0  1 tun.  figures  lb,  U,  and 
Id  show  fluorescence  spectra  of  run  porphm  in 
triphenylene  at  I K.  using  narrowband  excitation 
at  '’0  1 'OS  ’,  and  'o'. 8 run,  respectively.  The  three 
lower  spectra  are  distinct  from  one  another,  and  their 
sum  gives  the  spectrum  of  big  ta 

figure  shows  a portion  ol  the'  narrowband  excita- 
tion spectrum  ol  the  ''0.1  nm  site  obtained  by  dc 
texting  fluorescence  at  Oil  I run  Similar  excitation 
spectra  were  obtained  for  the  'OS  ’ and  'o’  8 nm 
sites. 

In  this  manner,  the  absorption  and  fluorescence 
spectra  ol  a single  type  ot  nm  porphm  molcv tile  have 
been  obtained  Oilhciilties  associated  with  multiple  site 
spectra  have  been  largely  eliminated,  allowing  more 
definitive  assignments  and  interpretation  ot  the  spec 
Ira  Hu  data  m this  study  provide  l.nrlv  detailed 
information  on  the  ground  state  vibrational  energy 


DISCUSSION 

Hricllv,  the  technic|ue  ot  site  selection  spec troscopy 
involves  the  use  ol  high  resolution  selective  excitation 


levels  and  the  lowest  excited  smglcl  vihnmic  levels 
with  observable  transitions  between  these  electronic 
states  This  is  the  tirsl  sp<\  trosc opu  study  ot  a pot 
pliyrin  molecule  doped  into  a crystalline  matrix  in 
which  the  spectra  ol  mec|utv alent  porphyrin  site  spe 
c us  were  recorded  separately 
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Fig.  2 Excitation  spectra  (SSH.O  to  S'M.O  nm)  at  4.2  K 
tor  the  S^lU-nm  Nile  species;  detection  at  (> M.  1 nm 
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t ig.  I Fluorescence  spectra  of  zinc  porphin  in  triphenyl- 
cne  at  4.2  K. 
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ESR  IDENTIFICATION  OF  CHEMICALLY  BOUND 
XENON  MONOCHLORIDE 


Electron  spin  resonance  (ESR)  spectroscopy  has 
shown  that,  contrary  to  theoretical  predictions,  chemi 
cally  bound  xenon  monochloride  (XeCI)  is  formed 
when  chlorine  is  photodissociated  in  an  argon  matrix 
containing  1%  of  xenon.  The  spectrum  contained  ob- 
servable hypertine  structure  ( hts ) splittings  resulting 
from  the  interaction  of  the  magnetic  moment  of  the 


unpaired  electron  with  both  Cl  and  Xe  nuclei.  The 
magnitude  of  these  hfs  splittings  provides  information 
about  the  distribution  of  the  unpaired  electron  charge 
density  in  the  molecule,  a quantity  that  is  c/ose/y  re 
fated  to  the  nature  of  the  chemical  bonding  in  the 
molecule 
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BACKGROUND 

Interest  m the  electronic  structure  and  chemical 
bonding  of  the  rare  it  's  motieih.ilides  is  generally  high 
because  they  ciolate  the  principle  that  closed  shell 
atoms  do  not  form  compounds  It  has  been  stimulated 
further  by  the  discovery  that  emission  I rom  an  excited 
state  of  these  molecules  can  yield  high  energy  ultra- 
violet laser  action  In  work  done  to  date  at  other 
laboratories,  theory  predicts  that  all  these  molecules 
have  nonbondmg  ground  states,  whereas  experiments 
(most  notably  electron  spin  resonance  studies')  have 
indicated  that  Xeb  and  Krb  have  bound  ground  states 
This  bonding  problem  has  fundamental  interest  and 
significance  tor  laser  emission  because  the  ground 
state  bonding  involves  an  interaction  between  the 
basic  ground  state  and  the  excited  charge  transfer 
state  responsible  lor  the  ultraviolet  emission 

These  states  may  be  denoted,  respectively,  as 
C ( Rg  Xf  and  i (Rg  X ).  where  Kg  denotes 
the  rare  gas  and  X the  haloge  n The  quantum  theory 
of  bonding  shelves  that  admixture  ot  the  c’(Rg'  X 1 
state  into  the  ground  state,  formally  described  by  the 
wave  function  y' ( RgX  ) \ I — * ■'  g ( Rg  X)  + 

r y'  ( Rg*  X ).  must  lower  the  energy  of  the  ground 
state  and  may  lead  to  bonding  Quantum  theory  also 
requires  that  the  ground  and  excited  states  be  related, 
the  excited  state  wave  i unction  being  t'iRgX*! 

rc  ( Kg  X ) 4-  \ t — t c ( Rg  X 1 I here 
tore  an  I sr  or  other  experiment  on  the  ground  state 
that  determines  the  charge  distribution  parameter,  r. 
will  simultaneousK  determine  the  charge  distribution 
in  the  excited  state 

An  important  point  is  that  the  lower  the  energy 
ot  the  i (Rg'  X ) state,  the  greater  its  contribution 
to  ground  slate  bonding  factors  affecting  this  energy 
arc  the  rate  gas  ionization  potential,  the  electron 
athnity  of  the  halogen,  and  the  ionic  radii  of  the 
Rg  and  X urns  for  example,  in  comparing  Xe(  1 
and  Krb,  one  finds  that  the  Xe  ionization  potential 
(12  I eV)  is  substantially  lower  than  that  e't  Kr 
( I t (>  eV').  while  the  ( I and  b electron  affinities  arc 
roughly  equal  ( b’>  eV ) bins  leads  to  the  conclu- 

sion that  the  energy  of  the  state  y'(Xe’  ( 1 1 will 
he  somewhat  lower  than  that  of  the  state  y'(Kr'  I ~) 
even  though  interionic  coulomb  energy  favors  the 
latter  state  slightly  because  the  Kr  and  b ionic  radii 
are  smaller  than  those  of  Xe"  and  C l This  suggests 
that  Xe(  1 should  lie  at  least  as  strongly  bound  in  the 
ground  state  as  Krb  Accordingly,  it  was  decided  to 
attempt  to  prepare  XeCI  using  procedures  previously 
used  for  Xeb  and  Krb  (Ref.  1 ) and  to  detect  by 
122  i sr  spectroscopy  any  Xc<  I formed 


DISCUSSION 

The  l xk  spectrum  of  the  product  ot  the  ultraviolet 
photolysis  ot  an  Ar  Xe  (I  OS  1 1 sample  on  a 

sapphire  rod  at  I K is  shown  in  big  I (Ret  2) 
No  isr  spectrum  yeas  observed  after  photolysis  of 
either  an  Ar  C 1.  os  J matrix  or  an  Ar  Kr  ( 1 
os  1 1 matrix,  indicating  that  the  observed  spectrum 
is  eery  likely  Xe(  I and  that  Kr(  I is  not  formed  by 
this  photolytie  reaction,  probably  because  it  is  not 
chemically  bound. 

The  t sr  spectrum  in  big  I results  from  transitions 
ot  the  magnetic  moment  of  the  XeC  I unpaired  elec- 
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f ig.  I FSR  spectrum. 

(a)  — I SR  spectrum  of  the  photolysis  products  of  an 

Ar:Xe:tl.  08:1:1  sample  at  -1.2  K The  sharp 
weak  lines  in  the  region  denoted  by  R*  are  trace's 
of  radical  impurities.  II  denotes  the'  resonant  field 

ot  a free  electresn  spin. (ornpeite'cl  spectrum  in 

the  iH'rpendicular  re'gion  for  the  parameters  given 
in  the  text. 

(hi  Expanded  trace  of  the  mo  highest  held  lines  ot  the 
complete  spectrum  in  tat.  I lu-  sink  spectrum  at  the 
bottom  is  computed  from  the  t I and  Xe  Ills 
constants  given  in  the  text,  where  the  numbers  in 
parentheses  indicate  the-  magnetic  quantum  num 
hers  of  the  strong  Ills  lines.  The  lirst  number  is 
Alt;.  with  the  (I  isotevpe  indicated  by  a prime, 
and  the  second  number,  it  present,  is  Ms,  ot  1 "Xe. 
The  weak  lines,  not  denoted  by  numbers,  are  '''Xe 
hfs  lines. 


trim  between  states  where  it  is  parallel  .itul  .intipar.illel 
to  the  extern.il  magnetic  field  The  transitions  occur 
when  the  transition  frequency,  which  is  a function 
of  magnetic  field  strength,  matches  the  frequency 
of  the  stimulating  microwave  source  at  about  01 00 
Mil?  I'hc  spectrum  has  two  branches,  g anil  glt 
because  the  magnetic  moment  ot  the  unpaired  electron 
(denoted  where  ;i(i  is  the  Bohr  magneton  and 

V is  the  elect  rim  spin)  contains  contributions  from 
both  the  spin  and  the  orbital  motion  of  the  electron 
and  is  substantially  different  (or  directions  parallel 
and  perjsendicul.tr  to  the  molecular  axis. 

In  the  present  case  where  the  radicals  are  randomly 
oriented  in  the  polvcrvstalline  matrix,  the  g and  y, 
regions  correspond  to  radicals  whose  molecular  axes 
are  paratlel  and  perpendicular  to  the  field,  respev 
lively  Ihe  corresponding  values  are  g 1.962  and 
g4  2,U)2  The  g shifts  (i.e  . Ay  g — g,,  where 
g,  — 2002)  is  the  tree  spin  g value)  are  similar  to 
but  larger  than  those  of  XcT  This  is  the  expected 
effect  of  the  increased  halogen  spin-orbit  interaction 
and  or  the  decreased  chcmii.il  bonding  on  going 
from  XeF  to  Xc<  1 (Ref.  2). 

The  structure  of  the  spectrum  in  the  parallel  region 
is  due  to  magnetic  hts  interactions  between  the  elec- 
tron magnetic  moment  and  a number  of  magnetic 
nuclei  in  the  Xc(  1 molecule.  The  four  strongest  lines, 
associated  with  the  VVJ  abundant,  / 0,  Xe  isotojses 

(i  -Xe,  1 "Xe,  etc  ),  are  a C l hts  quartet  | l,.(  ' ( I) 

h = 288  Mil?,  where  is  the  hfs  constant]  The 
weak  highest  field  line  is  due  to  hfs  splitting  of  the 
high  held  member  of  the  Cl  quartet  by  the  2t>', 
abundant,  / 1 2,  '-''Xe  isotojse  f .ll|('-"'Xe)  h — 

'82  MHz],  This  assignment  is  confirmed  bv  an  ex 
panded  trace  of  the  two  highest  field  lines  (Fig  lb). 
These  lines  have  identical  structure  due  to  hfs  split- 
tings from  both  the  "v,  abundant  ‘ C I and  the  2'r| 
abundant  s:CI,  proving  that  both  lines  have  the  same 
C l hfs  splitting,  and  their  relative  intensities  are  con- 
sistent with  assignment  of  the  highest  field  line  as 
part  of  a '-'"Xe  doublet. 


No  structure  is  discernible  in  the  perpendicular  re- 
gion of  the  spectrum;  however,  trial  and  error  com- 
parisons of  observed  and  computed  line  shapes  in  this 
region  gav e the  follow  mg  estimates  of  the  |scrpcndic u 
lar  Ills  constants  l,i'(l)  /i;tl  Milt;  . I , ( ' Xe) 

A ~ 280  MHz  As  shown  in  lag  la,  this  assignment 
gave  good  agreement  between  the  observed  and  com- 
puted lines. 

The  Xe  hfs  sjslittings  are  much  smaller  In  Xc(  1 
than  in  XcT  (Ret  2)  This  is  consistent  with  the  ex- 
pected weaker  bonding  and  a correspondingly  smaller 
transfer  of  unpaired  electron  density  from  the  halogen 
to  Xc  in  Xe(  I as  compared  with  XcT 

Idle  method  of  preparation  combined  with  the  Ills 
data  prove  that  the  observed  sjsixies  is  Xc(  1 1 he 

Xe  hfs  argues  strongly  tor  chemical  bonding  in 
Xe(  I.  which  may  be  defined  roughly  as  nonzero  < 
ill  the  Xe(  1 wave  function:  yv„, -,  = V [ \ 1 — i y! 
( Xe  . ( 1)  + i f ( Xe  ( 1 ) ].  For  i 0,  the  Xe  Ills 

is  due  solely  to  overl.i|'puig  ot  the  Xe  and  '/>: 
orbitals  with  the  C I unpaired  electron  orbital. 
Calculations  shews  that  even  at  a separation,  K,  of 
0 )2  nm,  which  is  considerably  loss  than  the  K of 
0-12  nm  estimated  from  the  nearest  true  van  dcr 
W’.ials  molecule  ArXc.  the  ovcrlajs  cannot  account  for 
the  observed  Xe  hts  A more  detailed  argument 
(Ref.  2)  shows  that  the  observed  perpendicular  g 
shift  (Ag,)  also  requires  chemical  bonding  in  Xe<  I 
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DIFFUSION  OF  EXCITED  MOLECULES 


In  a pure  gas.  molecules  in  different  internal  ( quan 
turn ) states  behave  like  the  chemically  distinct  mole 
cutes  in  a gas  mixture.  In  particular,  like  molecules  in 
different  internal  states  can  diffuse  relative  to  each 
other  In  addition,  collisions  that  change  the  internal 
states  of  two  like  molecules  are  comparable  to  reac 
five  collisions  in  a gas  mixture.  In  both  cases,  the 
"reactions"  tend  to  suppress  the  diffusion  In  the  work 
described  here,  we  developed  a theoretical  description 
of  these  processes. 


BACKGROUND 

Fven  m a pure  gas  (containing  only  one  chemical 
species),  molecules  in  a given  internal  quantum  state 
can  diffuse  relative  to  their  partners  in  other  states. 
This  process  can  cxciir  in  a laser,  for  example,  and 
may  adversely  affect  its  performance;  that  is,  the  mole- 
cules pumped  into  an  excited  state  can  diffuse  to  the 
walls  and  he  quenched.  The  diffusion  of  quantum 
states  is  similar  to  the  relative  diffusion  of  different 
chemical  species  in  a multicomponent  gas.  The  latter 
process  is  a familiar  phenomenon  in  (lames. 

The  kinetic  theory  of  gases  has  been  successful  in 
explaining  the  relative  diffusion  of  molecular  species. 
Specifically,  the  diffusion  coefficients  may  he  calculated 
accurately  Irotn  details  of  the  molecular  collisions  that 
take  place  in  the  gas.  The  same  theory  tails  to  explain 
internal  state  diffusion.  Idle  difficulty  is  in  properly 
accounting  for  a fundamental  quantum  mechanical 
constraint  on  molecular  collisions  One  earlier  attempt 
to  describe  nuclear  spin  diffusion  did  not  properh 
account  tor  this  constraint  and  failed  by  a factor  of 
two  to  predict  the  experimental  results.  In  the  work 
described  here,  we  set  the  foundations  of  a corre- 
sponding kinetic  theory  of  internal  state  diffusion. 


DISCUSSION 

When  two  molecules  of  the  same  chemical  species, 
initially  in  states  .1  and  />,  undergo  a collision  in  w hich 
the  final  states  are  also  .1  and  />,  it  is  impossible  to  tell 
whether  or  not  the  states  were  exchanged  (l;ig  I). 
An  accurate  kinetic  theory  of  quantum  state  diffusion 
must  be  consistent  with  this  fact  However,  it  is  of 
little  importance  in  theories  of  spexies  diffusion,  where 
colliding  molecules  are  distinguishable  by  their  dif- 
ferent chemical  identities 

The  first  step  toward  an  accurate  theorc  of  internal 
state  diffusion  was  to  build  the  exchange  require 
ments  into  the  fundamental  equation  of  kinetic  theory 


exchanged 

t ig.  I I cc o indistinguishable-  collisions  betxvcen  mole- 
cules of  the  same  chemical  species  in  ditlerem  internal 
states,  j and  h. 


(Ret  l)  Known  as  the  Boltzmann  equation,  it  deter 
mines  the  probability  distribution  ot  internal  states 
(and  molecular  velocities)  in  a g.ts  but  becomes  \ ere 
complicated  cc  hen  it  explicith  recognizes  and  accounts 
for  all  the  internal  stales 

The  second  step  was  the  simplification  ot  the  Boltz- 
mann equation  (Ret  ’)  The  equation  was  simplified 
exactly  cc  hen  it  was  written  in  a form  that  did  not 
can  with  rotations  of  coordinate  axes 

The  third  step  seas  "solving  the  Boltzmann  equa 
tion  (Ref  O . When  it  is  solved,  the  results  resemble 
the  usual  hydrodynamic  equations  tor  balance  of  mass, 
energy,  and  momentum  but  have  the  important  addi 
tional  feature  that  the  thermal  conductivity,  the  diffu 
sion  coefficients,  and  the  ctscosities  are  given  in  terms 
ot  molecular  collision  cross  sections  We  obtained  two 
mass  balance  equations  controlling  the  diffusion  o!  in 
ternal  states  One  seas  in  the  form  of  the  familiar 
luck's  lacs  of  hydrodynamic s,  in  which  the  this  ot  in 
ternal  states  is  “proportional"  to  their  gradients  The 
proportionality  constants  that  arose  in  this  solution 
were  analogous  to  the  multicomponent  diffusion  cc  vtli 
dents  of  a gas  mixture  (Ret  I)  The  second  solution 
was  similar  to  the  inverse  ot  I uk  s lacs,  known  as  the 
Slel.in  Maxwell  equation  (Re  t s)  I he  different  set 
ot  diffusion  coefficients  that  arose  here  had  the  ads  an 
tage  ot  being  independent  ol  the  populations  ot  the 
internal  states 
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Both  diffusion  equations  contained  additional  terms 
describing  the  creation  and  destruction  of  internal 


I 


w 


states  by  molecular  collisions.  The  terms  arc  analogous 
to  the  chemical  reaction  terms  in  the  traditional  l ick's 
law  and  Stefan- Maxwell  equations.  The  distinguish- 
ing feature  of  our  "reaction"  terms  is  that  they  are 
consistent  with  the  exchange  requirements  for  molecu- 
lar collisions. 

This  work  establishes  a theoretical  basis  for  internal 
state  diffusion.  We  are  currently  applying  it  to  prac- 
tical experimental  systems.  Our  theory  gives  correct 
results  for  the  simple  case  of  nuclear  spin  diffusion. 
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SPECIAL  INVARIANCE  PROPERTIES 
OF  PADS  APPROXIMANTS 


A special  invariance  property  has  been  proven  to  ex- 
ist for  a certain  sequence  of  Pad6  approximants  useful 
for  the  representation  of  solutions  to  complex  physical 
problems.  Its  application  to  the  electronic  structure  of 
atoms  and  molecules  produces  a calculated  energy  re- 
sult that  reflects  the  true  properties  of  the  system 
rather  than  the  arbitrary  vagaries  inherent  in  the 
method  of  calculation. 


BACKGROUND 

It  is  often  necessary  to  determine  the  electronic  en- 
ergy of  atoms  and  molecules  by  theoretical  methods. 
When  a perturbative  expansion  of  the  energy  is  used, 
the  problem  arises  of  determining  which  of  several 
possibilities  is  the  most  suitable  representation  of  the 
energy.  This  study  solves  that  problem  since  it  specifies 
an  appropriate  representation  of  the  energy  in  terms 
of  a particular  class  of  Pade  approximants  possessing 
a unique  invariance  property. 

DISCUSSION 

Theoretical  models  of  complex  physical  systems  sel- 
dom lead  to  mathematical  solutions  in  closed  form. 
However,  in  many  cases,  useful  approximate  solutions 
can  be  obtained  using  a perturbative  approach  in 
which  a related  but  solvable  problem  forms  the  basis 
of  a lowcst-ordcr  result.  The  solvable  problem  is  then 
perturbed  in  a way  that  should  make  the  results  con- 
verge to  the  solutions  of  interest. 

A solvable  problem  related  to  the  electronic  struc- 
ture of  atoms  and  molecules  is  the  independent  par- 


ticle model.  Ravleigh-Schrodingcr  perturbation  theory 
provides  a convenient  method  for  describing  the  cor- 
rections to  this  model.  Thus,  if  ft  is  the  exact  Hamil- 
tonian and  If,,  is  the  Hamiltonian  corresponding  to 
the  independent  particle  model,  the  perturbative  op- 
erator, //,.  is  defined  as  //,  - ft  — //„  The  operator. 
If,,  + \fl ,.  is  then  equal  to  the  independent  particle- 
model  when  A is  zero,  and  it  approaches  the  exact 
problem  as  A approaches  unity.  The  energy  for  these 
systems  is  written  as  a power  scries  in  the  variable  A. 
In  all  practical  applications,  the  power  series  is  trun- 
cated alter  a finite  number  of  terms  and  evaluated  for 
A = 1 to  obtain  an  approximation  to  the  true  energy 

Considerable  freedom  exists  in  the  choice  of  //„: 
for  example,  one  might  modify  a given  If,,  to  produce 
a change  of  scale  and  a shift  of  origin  in  the  zero- 
order  energy  spectrum,  provided  that  If,  is  suitably 
modified  so  that  If  is  still  recovered  at  A — 1.  How- 
ever, although  ft  is  independent  of  the  scale  and  shift 
parameters,  the  truncated  power  series  for  the  energy 
contains  an  unwanted  residual  dependence  on  these 
arbitrary  and  irrelevant  parameters.  This  suggests  that 
the  power  scries  may  not  be  a suitable  form  to  repre 
sent  the  energy. 

Around  the  turn  of  the  century,  Pade  (Ref.  1 1 
notes!  that  a truncated  power  sertes  was  a special  case 
of  the  class  of  representations,  P(L  — ru.m),  in  which 
the  function  is  written  as  the  ratio  of  a polynomial  of 
order  L — m to  one  of  order  m Of  course,  the  origi- 
nal power  series  corresponds  to  the  case  where  m 
equals  zero.  For  each  of  these  representations,  the  in- 
dependent variable  is  A and  the  coefficients  in  the 
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numerator  and  denominator  polynomials  are  deter- 
mined so  that  the  correction  terms  are  of  order  A'  1 
or  greater. 

Pade  demonstrated  that  the  coefficients  in  the  vari- 
ous polynomial  representations  arc  related  ( Ref  1 1 
Thus,  if  the  first  L terms  in  the  power  series  are 
known,  one  can  easily  determine  the  representations 
P(L  — rn.ni),  where  »i  0,1,  Since  each  of  these 
representations  corresponds  to  the  same  order  of  accu- 
racy with  respect  to  A.  a question  arises  as  to  which 
value  of  hi  ought  to  he  used  Although  Fade  recog 
nized  tin.  freedom  available  in  representing  a result  to 
a given  order  by  these  approximants,  general  rules  tor 
selecting  "appropriate"  sallies  of  hi  unfortunately  do 
not  exist  The  rules  must  be  dictated  bv  the  nature  of 
the  physical  quantity  (function)  being  approximated 

Application  of  the  Pade  approximants  to  the  pe*- 
turbative  problem  involving  the  arbitrary  scale  ami 
shift  of  the  unperturbed  Hamiltonian  leads  to  an  ap- 
parent difficulty:  one  must  select  suitable  values  tor 
the  scale  and  shift  parameters  and  a suitable  value 
for  hi,  even  though  the  exact  result  is  independent 
of  these  parameters.  Fortunately,  we  are  able  to  re- 
solve this  quandary  by  demonstrating  that  only  the 
P(S  + I.Y)  approximants  share  a property  of  the 
exact  result  by  being  independent  of  the  scale  and 
shift  parameters  (Ref  2).  This  invariance  property 
recommends  the  P(\  + l.N)  approximants  as  being 
appropriate  representations  of  the  energy. 

The  first  suggestion  that  an  appropriate  representa- 
tion could  be  selected  on  the  basis  of  the  behavior  of 
the  various  approximants  under  arbitrary  changes  of 
scale  and  or  origin  in  the  zero-order  operator  became 
apparent  to  us  during  numerical  studies.  As  noted 
above,  the  exact  Hamiltonian  is  recovered  at  A — 1 so 
that  these  changes  should  not  affect  the  exact  energy. 
However,  truncation  at  a finite  order  can  produce  an 
apparent  dependence  of  the  energy  on  these  changes. 
In  fact,  we  show  by  numerical  analysis  of  the  -II  term 
series  for  the  H ion  that  the  only  entries  that  do 
not  depend  on  these  changes  belong  to  the  class  of 
P(X+1.X)  approximants  for  all  the  available  values 
of  X.  W'c  also  give  an  analytic  proof  that  this  in- 
variance is  a direct  consequence  of  the  transformation 
relations  among  the  coefficients  in  the  unmodified 
Hamiltonian  and  those  in  the  shifted  and  scaled 
Hamiltonian.  Moreover,  the  invariance  is  totally  inde- 
pendent of  the  actual  values  of  the  coefficients. 

In  addition  to  the  analytic  proof,  we  consider  the 
rather  arbitrary  case  in  which  the  unsealed  coeffi- 
cients correspond  to  the  Taylor  series  expansion 
[A  /«( I + A)].  The  coefficients  in  the  corresponding 
"scaled  energy"  scries  are  obtained  by  using  the  previ- 


ously mentioned  transformations  We  then  generate 
the  Fade  tables  for  both  the  "unsealed"  and  "scaled" 
energies  at  A I The  results  are  summarized  in 
lug  1 tor  a scale  factor  of  2.  Only  for  the 
P{S  + l.N)  approximants  do  we  find  that  the  en- 
ergies are  independent  of  the  arbitrary  scaling 


Plordei ) 

I Logarithm  of  the  difference  between  In  2 and 
carious  Pade  approximants  to  the  series  representation 
of  ,\  /«tl  + A),  for  A — 1,  as  a function  of  order.  The  re- 
sults correspond  to  a scale  factor  of  2. 


The  significance  of  the  general  result  is  that  the  use 
of  the  P(.\  + 1..Y)  approximant  eliminates  a certain 
arbitrariness  in  the  splitting  of  a problem  into  unper- 
turbed and  perturbed  parts  This  suggests  that  the 
l’( S + l.Y)  approximant  may  be  a particularly  ap- 
propriate representation  of  approximate  solutions  to 
complex  physical  problems. 

REFERENCES 

I.  II.  Hide,  lit.  S.i.  Ft . X -*j.  Stf.  i Part*  I Wft  ‘>.  IS-", 
r ‘ 

S.  Wilson.  IV  M Silver,  .uul  R A.  Farrell,  S)x-vial  Imanamr 
Properties  ol  the  [\-|  1..V)  Pade  Appioxmunt  to  the  Raving!- 
SilmHiinger  Perturbation  Fxpansion  (to  hr  published  m /’■ 

K.  S \ . I n Jon  > . 


.Authors:  S.  Wilson.  /).  M.  Silver,  ami  R.  A.  Farrell 
Support:  S.A  I SFASYSC '( )\t 


*1 


JHU  EVENING  COLLEGE  CENTER  AT  APL 


THE  APL  GRADUATE  EDUCATION  CENTER 


During  it'  t hirt\  four  years  of  existence.  API.  has 
uses)  various  methods  to  help  its  >t.iH"  members  main- 
tain ami  improve  skills  needed  to  carry  out  their  tech- 
mcal  assignments  in  the  most  effective  manner  These 
methods  ins lude  tinancial  support  tor  pertinent  pro- 
prams  at  ediis.ition.il  institutions  and  specialized  short 
sources  taught  both  inside  ansi  s'utside  the  laboratory 

In  I'X'  t in  order  to  make  some  of  API  's  in-house 
courss-s  available  to  all  egualitics!  persons  regardless 
ot  whether  he  or  she  was  employed  by  the  I aboratorv. 
the  I veiling  ( ullage  ot  The  lohns  Hopkins  I'niversitv 
and  API  e> Hiper atc'el  to  establish  a Graduate  Cc-nter 
at  API  oriented  to  the  educational  needs  ot  employed 
scientists  and  engineers  ( lasses  meet  in  the  R E. 
Gibson  I ibrary  i l ip  1 ) 


I i£  1 The-  K.  t . Gibson  labrarv  wheTe  Graduate  ( en- 
ter classes  meet. 

The  ( enter,  under  the  academic  sponsorship  of  the 
Evening  College  and  with  faculty  members  drawn 
primarily  from  API  s Senior  Staff,  offers  a variety  of 
courses  in  scientific  and  engineering  areas  and  has 
proven  to  be  a substantial  asset  to  the  technical  com- 
munity ( urrent  programs  lead  to  master  of  science 
degrees  in  Applied  Phvsics.  Computer  Science.  Elec- 
trical Engineering.  Numerical  Science,  and  Space 
Technology’. 

During  Fiscal  Year  1076.  class  registrations  for 
API  ( enter  programs  were  as  follows  Fall  1‘)~s, 
(>*)('.  Spring  l‘)'6,  6Po.  Summer  lP'o.  I '6.  and  Fall 
I >>'6.  '18 

Because  some  students  take  more  than  one  course, 
the  number  of  individual  students  is  slightly  less  than 
the  number  of  class  registrations  For  example,  in 
Fall  T>~6.  a total  of  'V  individuals  made  up  the 


'IS  Hass  registrations  shown  Ot  these  individuals, 
ins  ( ss' , ) were  n : API  staff  members.  It  is  evi- 
dent that  the  ( enter  is  an  important  resource  in  the 
educational  community  These  inidviduals  were  em- 
ployed as  follows: 


Private  industry 

( »o\ eminent  institutions 

167 

Pdiuational  institutions 

r 

V t emplo\  ed  or  did  not 

replv 

39 

ight\  six  persons  completed 

the  ir 

programs  and 

received  master's  degrees  in  W(v  The  total  number 
ot  API  ( enter  students  who  have  received  master's 
degrees  is  OOs  Ot  this  number.  I » were  API  staff 
members  and  s v I were  not  These  <>(>'  individuals 
constitute  of  all  those  who  received  master  of 

science  degrees  in  technical  areas  from  the  |HU 
I veiling  ( ollcgc  during  that  tulle  The  areas  ot  spe- 
cialization and  the  number  of  recipients  in  c’.uh  are 


Numerical  Skiciuc 

26" 

1 lectrual  1 ngincering 

24') 

c y'lnputer  Sviciue 

96 

Applied  Physics 

Y — 

Space  lYvhnoloi;\ 

24 

When  the  ( enter  began  its  operation,  all  courses 
were  taken  from  the  existing  JHl"  curriculum  In 
Fiscal  Year  lO'o.  however,  onlv  IOG  ot  tile’  offer 
mgs  were  derived  from  the  curriculum  In  tact,  the 
ma|ontv  ((O'Y!  were  originated  and  t.rght  by  API. 
staff  members  Another  lo'Y  were  created  expressly 
for  the  ( enter  bv  |IH'  faculty  members  ot  the  Balti- 
more campus,  and  (s' , were  originated  by  (enter 
instructors  who  are  primarily  employed  by  other 
organizations 

In  our  continuing  effort  to  maintain  tile  leadership 
that  the  API.  ( enter  has  attained,  we  are  constantly 
analyzing  curricula  and  then  making  revisions  In 
Fiscal  Year  llV6.  API  ( enter  instructors  originated 
and  taught  for  tile  tirst  tune  three  courses  Computer 
Communication  Networks.  Introduction  to  Switching 
Theory,  and  Computer  System  Engineering  Manage 
ment.  live  new  courses  are  planned  tor  fiscal  Year 
1»'' 

Figure  ' discloses  that  records  were  set  in  Fiscal 
Y ear  lO'o  for  class  roll  totals,  number  ot  individuals 
enrolled,  number  ot  outside  participants,  number  of 
participants  from  private  industry,  number  of  partici- 
pants from  government  facilities,  and  number  of 
candidates  tor  masters  degree's  offered  at  API 


Fig.  3 A typical  class  in  session. 


The  physical  facilities  are  modern  and  the  audio 
visual  aids  are  excellent,  but  the  primary  strength  of 
the  Center  is  its  faculty.  (Figure  3 shows  a typical 
class.)  Some  full-time  faculty  members  from  the 
Baltimore  campus  instruct  in  this  program,  but  70% 
of  the  C enter's  faculty  are  members  of  he  APL  Senior 
Staff  and  I 3%  are  members  of  similar  staffs  of  other 
scientific  or  engineering  organizations.  The  students 
appreciate  and  appear  to  benefit  from  studying  under 
academically  cjualified  instructors  who  are  actively  in- 
voiced with  the  subjects  they  teach  and  who  under- 
stand the  needs  of  part-time  students  who  work  in 
research  and  development  organizations. 

Author:  P.  B.  Edwards 
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PATENTS  ACTIVITIES 


The  API.  Patents  Ollicc  ti.is  the  responsibility  for 
assuring  compliance  with  contract  and  grant  resume 
ments  relative  to  patent  and  data  rights,  as  imposed 
by  the  various  governmental  agencies  that  sponsor 
work  at  the  Laboratory  In  addition  to  preparing  for 
mal  disclosures  of  inventions  for  the  appropriate  spon- 
sors, the  Patents  Othcc  prepares  and  prosecutes  patent 
applications  on  behalf  of  both  the  University  and  the 
Department  of  the  Navy 

The  following  lists  indicate  the  invention  disclo- 
sures submitted  to  sponsors,  the  patent  applications 
prepared  and  tiled  in  the  United  States  Patent  Ollicc, 
and  the  previously  filed  applications  that  were  success- 
fully prosecuted  to  issuance  as  patents,  during  Fiscal 
Year  !')’6 


INVENTION  DISCLOSURES 

Method  for  Water  Purification  be  I asci  Irradiation 
] G P.ni, ■> 

Fluonnueter 

P /•’.  Hoebbeimer  and  G S Keys 
Radar  1'valuation  Data  ( olleetor 

R U ’ Picketing,  H /•’.  Plants,  and  C / Rot 
Murowase  180°  Hybrid  or  Magii  Tee 
G.  J laugblin 

NIrt.il  Reinforced  Pseudo- 1 sot  ropii  Filament  Dus  Rotor 
P II’  Rahtnborst  and  K V Parnell 
Single- Axis  Disturbance  Compensation  System 

R r Fisc  bell,  .i  C Sadilek.  V I M hits,  and  i,  H 
Fountain 

Pin.  Smket  Microelectronic  Interconnections 
F R.  Muni  no 

Powered  Manipulator 

U"  Seamont  and  J II  l.ortleit 
Kevlar  Dewar 

II".  M.  Chambers 
MACiNEBOB 

M R Powell 
I iquid  Clradiometer 
U R Pour  1 1 

Digital  Beamsteering  tor  a Parametru  Si  aiming  Sonar 
/.  II”.  Collin,  Jr.,  and  R i'  Miller 
Wase  Motion  Sensor 

Cr  /I  Push,  I Katz,  and  R .1  Kr,>f*fh 

Solder  Station  Apparatus 
R T U ilson 

( iriuitrv  lor  High  Speed  Television  Display  ot  Data 
/ / II  .trnke  and  J R Posia 
Sc  urity  Hasp  Assembly 
/ l Pren  ogel.  Sr 

Data  Input  Interfax  Devue  tor  Bus  Type  Compute!  System 
/*.  /.  Grnnberger 
Tripnl  Base  |oint 

K I Sic  boh 


C itiiut  tor  Digital  ( ursoi  Display 
R C Moore 

Magnet u ( aid  to  Magnetic  I’ape  C onseitrr 
R K Higgins 

NR/  Peak  Deteitor 
P Klote 

Method  tor  Making  Discrete  Ring  Rotary  I nergs  Storage 
Structures 

P It  Rahtnborst 

Dual  Mtklc  I aser 

/ It  height  and  T O P,rbler 

Thin  Surface  Barrier  Diode 
K Rein  it z 

Radar  Fn\  ironmcnt  Simulator 
J 7 Miller,  Jr. 

Method  tor  Airiiatt  Beacon  Tracking 
/•’  / Brit  kner 

A Method  tor  Automatii ally  Tianstcrnng  Data  to  a I arge 
Computing  System  Through  Its  lime  Sharing  Netscoik 
K It  Colb) 

tubular  Selt  Pott iih;  ( onneitor 
l I Mo  hies 

Output  Summing  Network 
F.  i Pak 

Zero  leakage  High  Piessure  Seal 

7 R Small  and  It  . O.  It  ill; n*  on 

I lastic  Internal  Ciimb.il  tor  Flywheels 
P It  Rahenhoist 

IBM  ( ompatible  Input  Output  l hannel  loi  a Nos  a Mini 
( ’.omputer 

J S l.omhardo 

Method  tor  Crystallization  of  Highly  ( onductive  Radual 
( ation  Radual  Anion  Oicuiu  .Salts 
/.  1 1".  Lngbt 

loss  Cost  Blast  Test  Vehnle 

It  V.  W’illiams  and  M l V.  r/ 

Method  for  Obtaining  Improsed  Magnetometer  Readmes 
L U Hart 

I levtrii  Magnetic  Clradiometer  tor  Improsed  In  An  Readings 
/ II  Hart 

Solar  Panel  Deployfiient  Mechanism 
/ F.  Stillman  and  T.  B C.  ugblm 

Tunable  1 aser  Mount 
J II".  height 

Priority -Controlled  A,  D ( onseiter 
B.  F.  Raff 

Ses urity  linking  Mevhanism 
J.  J.  Breitogtl 

Anti  Submarine  Ciraphnal  Resource  Alienation  Model 
(ASCiRANO 

R H Kidu  ell.  I .1  Ytnghng,  .M  Bl,,h  / P 
Modehh.  and  l R sm*:l 

Solid  State  TW  I'  Modulator 
M.  J.  Veil 

Navigation  System  Data  Processor 

P / Mitt  hell  R K Pn*eL  R H Pant  *.  At  (> 
Marshall,  M C 0*ho*ne,  and  K leu 

Radu*  l icipictns  Rrseisci  tor  Satellite  Nasigation  System 
/ R Soften 

War  At  Sea  Ciraphnal  Analysis  Model  (\\  ASCiRANO 
T P Modthki  and  J.  U an g 


Apparatus  for  Phase- Modulated  Detection 
P.  H.  Gilbert 

Roll  Attitude  and  Rate  Sensor 
Af.  L.  Hill 

Low  Axial  Force  Servo  Valve  Spool 
IF.  Seamone 
Cable  Clamp 

R.  A.  Mattey  and  G.  A.  Starstrom 
SO2  Fuel  Cell 

L.  IF.  Hunter 

High  Voltage  Sawtooth  Generator 
/.  H.  Kuck 

Portable  Microthruster  Test  System 

S.  J.  Kowal 

Deployable  Ground  Plane 

L.  Schuerdtf  eger,  L.  E.  Stillman,  and  IF.  E.  Frain 
Dissolved  Hydrogen  Sensor 

/.  H.  Panesci,  S.  /.  Seymour,  and  Af.  L.  Snow 
Error  Correction  Encoder  and  Decoder 

P.  J.  Luke.  J.  L.  Machamer,  and  IF.  A.  Becraft 
Monitoring  Apparatus  for  Resonant  Circuit  Intracranial  Pres- 
sure Implants 
G.  R.  Seylar 

High  Resolution  Radar  Control  System 

B.  E.  Raff 

Computer-Stabilized  Director  Sight 
S.  E.  Bon  wit  and  S.  Tsakos 

Large  Angle-of  Attack  Missile  Control  System  for  Aerody- 
namically  Controlled  Missile 
D.  J.  Yost  and  A.  Arrow 

Three  Dimensional  Laser  Doppler  Velocimeter  (3-D  LDV) 
O.  J . Deters  and  C.  B.  Barger  on 
Integral  Rocket  Ramjet  Port  Cover  Activating  Switch 
R.  T.  Cusick  and  IF.  J.  F l eagle 
Reversible  Clock  for  Use  in  Missiles 
/.  E.  Hanson 

Pin  Isolator  for  Dual-In-Line  Packaged  (DIP)  Circuits 
/.  G.  Rozema 

A System  for  Continuous  Detection  of  Possible  Carcinogens 
in  Water  Supply  Samples 

J.  G . Parker  and  R.  vonBriesen 

Skin  Friction  Balance  Mechanism 

R.  C.  Orth,  P.  J.  W’altrup,  H.  B.  Land,  and  F.  S.  Billig 

Signal  Processing  Method  for  Superconducting  Total  Field 
Magnetic  Sensors 

C.  H.  Sinex 

Seizure  Monitor 
IT.  R.  Powell 

Force-Sensing  Cervical  Dilator 

/.  G.  Chubbuck  and  H.  R.  Bittner 

Passive  Infrared  Ranging  Means  for  Gun  Fire  Control 
R.  A.  Rollin 
Laser  Beam  Switch 
R.  H.  Lapp 

Microcircuit  Soldering  Method 
F.  R.  Muccino 
Ionic  Air  Speed  Indicator 

Af.  L.  Hill  and  T.  R.  W hyte 
Ionic  Conduction  Angular  Rate  Sensor 
Af.  L.  Hill 

Ionic  Conduction  Air  Flow  Sensor 
Af.  L.  Hill 

Digital  Clock  Alternate  Power  Circuit 
R.  C.  Moore 


Micropuncture  Pressure  Measurement  Probe 
/.  G.  Chubbuck  and  H.  R.  Bittner 
Hydrogen  Maser  Receiver 

A.  G.  Bates  and  J.  R.  Norton 
Gauze  Sensor 

/.  H.  Panesci  and  Af.  L.  Snow 
Focused-Blast  Warhead  with  Liner 
C.  R.  Brown 

Method  and  Apparatus  for  High  Sensitivity  Tensile  Modulus 
Testing 

S.  N.  Foner  and  B.  H.  Nall 

Direct  Digital  Control  for  an  Air  Mass  Flow  Control  System 
/.  H.  Zouck  and  R.  T.  Cusick 

Guidance  Control  for  Recovery  of  Remotely  Piloted  Vehicles 
Af.  L.  Hill 

Method  for  Particle  Velocity  Detection  in  Standing  Sound 
Waves 

B.  H.  Nall 

Arrayed  Absorption  Detector 
/.  H.  Higbie 
Radar  Video  Converter 

J.  Phipps,  R.  C.  Thurber,  and  R.  Prengaman 
Moving  Wire  Technique 

R.  Af.  Fristrom,  L.  IF.  Hunter,  C.  Grunjelder,  and 
H.  Schacke 

Neuromuscular  Evaluation  System 
H.  R.  Bittner 
Muscle  Puller 
H.  R.  Bittner 
Primate  Cage  Trainer 

/.  G.  Chubbuck  and  H.  R.  Bittner 
Head  Restraint  Mechanism 

J.  G.  Chubbuck  and  R.  E.  Digman 
Community  Annual  Storage  Energy  System  (CASES) 

IF.  R.  Powell 

TV  Tracker/Image  Processor 

F.  IF.  Schenkel,  IF.  C.  Trimble.  J.  R.  Dozsa,  and  J.  R 
Albert  in  e 

Apparatus  and  Method  for  Measuring  the  Value  of  Electrical 
Components 
/.  H.  Zouck 

Ammonia  Chemical  Heat  Pump  for  Utilization  of  Geother- 
mal Energy 
R.  J.  Taylor 

Mask  and  Substrate  Holder 

H.  K.  Charles,  Jr.,  and  H.  J.  LaBelle 


PATENT  APPLICATIONS 


Universal  Binary  Code  Converter 

D.  L.  Sharp  and  F.  A.  Frekko 
Woven  Filament  Rotor  Structures 
D.  IF.  Rabenhorst 

Convoluted  Rotor  Structures 

D.  IF . Rabenhorst 

Time  and  Frequency  Control  Unit 
A.  G.  Bates  and  T.  L.  McGovern 
Carrier-Modulation  Coherency  Monitoring  System 

E.  F.  Osborne 

Simplified  Time  Code  Reader  with  Digital  PDM  Decoder 
/ Af  DuBrul 

Filament  Rotor  Having  Elastic  Sheaths  Covering  the  Filu 
mentary  Elements  of  the  Structure 
D.  IF.  Rahenh.tr «/ 


Monotr.uk  Radar  Rccording/Playback  System 
R F Miller 

Composition  of  Matter  for  Practice  of  Simultaneous  Angiog 
raphy  of  the  Separate  Retinal  and  Choroidal  Circulations 
R F.  Hochbeimer  and  R W”.  I'lou  er 

Filament  Connected  Run  Rotor 
/)  IT  Rabenborst 

An  X V Range  Bearing  C onverter 
F /.  Mi  Pee/// 

Fractional  Binary  to  Decimal  Converter 
R IT  Fowler 

Antenna  Scan  System  for  Helicopter  VC' ire  Detection 
R H Lipp 

Intracranial  Pressure  Monitor 

/ G.  Cbubbui  k 

Digital  Radar  Signal  Processor 

R P.  Colbert,  G Pimi/tiou,  A1  F.  Jones,  and  J I 
llaberman 

Rechargeable  Body  Tissue  Stimulator 
R.  F Ft /(bell 

l ine  Scan  Radar  Antenna  Using  a Single  Motor 
R H Upp 

Radar  Sector  Scan  Reversal  Apparatus 
R H l.ipp  and  J P Schneider 

F.rror  Correction  Encoder  and  Decoder 

P J l.uke,  J /..  Macbamer,  and  IT  I Becraft 

Random  Scanning  Receiver 

I F (iultek.  Jr  , and  P R M.irlou 

Method  and  Apparatus  for  Terrain  Avoidance 
M /..  Hill 

Presettable  Rate  Multiplier 

P G Catner,  Jr  and  F J Me  Pent/ 


ISSUED  PATENTS 

No.  5.895.447 

Simultaneous  Angiography  of  the  Separate  Retinal  and 
Choroidal  Circulations 

B.  F.  llocbbeimer  and  R U Flower 

No.  5.897.918 

Interferometric  Rolling  Missile  Body  Decoupling  Guidance 
System 

J.  F Cruluk.  Jr.,  and  J F.  Hanson 
No.  5.905.055 

Single  Composite  Pulse  Moving  larget  Indicator  Radar  Svs 
tern 

T.  A Moore  and  F R Ca\/ella 

No.  5.908.955 
Guided  Missile 

U U Cost,  H H Porter.  R B Robert! . M A Tore. 
J.  If".  Beam  r . .md  H Selvidge 


No.  5.915.109 
Antenna  Predion  Mechanism 
C.  F.  Owen 
No.  5.916.520 

Loran  Receiver  Signal  Canceller 

R.  G.  Roll  and  H H Elliott,  Jr. 

No.  5.921.498 

Fin  Clip  and  Connector  Mount 
5.  Kongelbeck 
No.  5.928.801 

Method  and  Apparatus  for  Sensing  Rate  of  Angular 
placement 

Ai.  L.  Hill 
No.  5.954,151 

Output  Controller  for  Initiating  Delayed  or  C ondit 
Commands  via  a General  Purpose  Computer 
J.  A.  Feuc by 
No.  5.954.250 

Helicopter  Blind  Landing  and  Hover  System 

O.  Al.  Martin,  Jr. 

No.  5.957.588 

Method  for  Seating  Packages 

P.  P.  Zimmer  man 

No.  5.958.150 

Microwave  Amplifier  Tube  Coherency  lest  Set 

C.  C.  Pbillips,  IT-.  H Zinger,  R.  F.  Platte.  A! 
Jesurun,  and  P.  H.  Matthias 

No.  5.959.411 

Instantaneous  Frequency  Measurement  System 
IT’.  G\  James 
No.  5.946.582 

Search  Radar  Adaptive  Video  Processor 
A.  Kossiakofj  and  J.  R Austin 
No.  5.947.849 
I oran  Receiver  Nav  igator 

/..  /•’.  Feblner,  T.  IT'.  Jer.trJi,  and  R G.  Roll 

No.  5,951.659 

Method  for  Resist  Coating  of  a Glass  Substrate 
/.  L.  Abi/a  and  J.  G.  Rebee 

No  5.95  5.674 
Telemetry  Synchronizer 
C.  7\  Pardoe 

No.  5.964.541 
Multi  Ring  Filament  Rotor 
P.  IT’.  Rabenborst 
No.  3.974.457 

Time  and  Frequency  Control  Unit 
.4.  G.  Rates  and  T.  I . McGovern 
No.  5,978.796 

Focused  Blast -Fragment  Warhead 
F.  F.  Hackman 

No  5.982,447 
Convoluted  Rotor  Structures 
/>.  II”.  Rabenborst 
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PUBLICATIONS  IN  PROFESSIONAL  JOURNALS 
1 July  1975  - 30  September  1976 


I'  J Adrian  and  V A Bowers,  "g  Tensor  and  Spin  Don 
bhng  Constant  in  the-  *1*  Molecules  ( \ and 
Chen:.  Ph j f Lett..  41.  No.  3.  I August  1976,  pp  317- 
320 

. and  H.  M Vyas  and  I K S Wan  (Queen’s  I’nivcr 

sitv.  Ontario,  Canada).  "Magnetic  Field  and  ( oncentra 
tion  Dependence  of  ( IDNP  m Some  Qumone  Photoly- 
ses  Further  Evidence  for  an  Overhauser  Mechanism." 
J Chew  PA).,.  6S,  No  I.  is  August  1976.  pp.  113*1 
1461. 

T P Armstrong  (University  of  Kansas)  and  S M Krimigis 
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